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Prehce
MacrophagesplayamaJOrrOleinhostdefenseagalnStinfectionandtumordevelopmentl・2）
Duringinflammatory process，aCtivation ofmacrophages byinflammatory stimulicauses
releaseofvariousinflammatorycytokinesandchemicalmediators3－6）・Lipopolysaccharide
（LPS），OneOfthemajorcomponentofoutermembraneofgram－negativebacteria，Stimulates
immunecells，mainlymacrophages，tOreleasevariousmediatorssuchastumornecrosisfactor
（TNF）－α，interleukin（IL）－1，IL－6，IL－10，PrOStanOids，andnitricoxide（NO）7）・Sepsisisa
ClinicalsyndromefrequentlymediatedbyLPS，andinpatientswithsepsis，TNF－αPrOduced
byLPSplaysamaJOrrOleintheassociatedsystemictoxicityS）・TNF－CLalsoinducesthe
secretionofcytokinessuchasIL－1andactivatesotherimmunecellsincludingTcells9）・
Among the chemical mediators released from activated macrophages，the arachidonate
metaboliteprostaglandins（PGs）controIpain，feverandinflammatoryresponseslO），andNO
generatedbyNOsynthase（NOS）inducestissueinjuryattheinflammatorysitell）・
Mastcellsalsoplayacentralroleintheinitiationoftheimmuneresponseassociatedwith
a11ergicdisordersandasthma12）・MastcellsexpressFcERI，ahigh－affinityreceptorforIgE，
ontheirsurface13）・Cross－linkagewiththeantlgenOftheIgE－FcERIcomplexactivatesmast
ce11S，andleadstodegranulationandtheproductionofcytokinesandarachidonatemetabolites
14）．Histaminestoredinsecretorygranulesisrapidlyreleasedinresponsetotheantlgen，and
induces the contraction ofsmooth muscles，anincreasein vascular permeability and the
secretion of mucus15）・The antigen alsoinduces the production of arachidonic acid
metabolitessuchasPGD2，aChemoattractantforeosinophils16），andleukotriene（Lr）B4，a
chemoattractantforeosinophilsandneutrophils17），andpeptide－Lrsthatincreasevascular
permeability18）・Anongthecytokinesproducedinresponsetotheantlgen，IL－4andIL－13
induceproductionofIgEbyBcellsandinduceTh2celldevelopment19）・Therefore，
modulation of macrophages and mast cell activation might be therapeutic targets for
COntrOllinginflamrnatOrydiseases・
Themedicinalplantshavebeenusedforthetreatmentofvariousdiseasessinceancient
times・Therefore，medicinalplantshavebeenrecognizedasasourceofnewtherapeutic
Candidate compounds，and various pharmaceutical agents have beenisolatedfrom the
medicinalplants・Forexample，Salicylicacidwasidentifiedin1839asanactivecomponent
inanumberofplantsknownfortheiranalgesicactivity，andwasfirstsynthesizedin1853．It
ledtothedevelopmentofasplrln，Whichisthemostwidelyusedsyntheticdrugtoday・Still
now，aVarietyofstudieshasbeencarrymgOuttOfindleadcompoundstodevelopmorepotent
andlesstoxicdrugsfromthemedicinalplants・
Onthebasisofthisresearchcurrent，Ihavestudiedtofindleadcompoundsforanti－
inflammatory drugsfromnaturalresourcesandanalyzedtheirmechanismofaction．In
Cultures ofmacrophages and mast cells，Ihave studied effects offourkinds ofnatural
PrOducts，furanocoumarinsisolatedfromtherootsofAngelicadahurica（ChapterI），lignans
isolatedfromtherootsofAcanthQPanaXChiisaflenSis（ChapterII），Synthesizedflavonoids2，－
hydroxychalcone derivatives（ChapterIII），and stilbeneresveratrol，a COnStituent ofVitis
Vin枠raextract（ChapterIV），Ontheproductionofinflammatorychemicalmediatorsand
CytOkines．
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ChapterI．InhibitionofproductionofprostaglandinE2andtumornecrosisfhctor・CL
byfuranocoumarinsisolatedfromAngelicadahurica
I．1．Introduction
Aarachidonate metabolite PGE2is produced by three enzymatic reactions；release of
arachidonicacidfrommembranephospholipidsbyphospholipaseA2（PLA2），COnVerSionof
arachidonicacidtoPGH2bycyclooxygenase（COX），andisomerizationofPGH2tOPGE2by
PGEsynthase（PGES）20）．IthasbeenreportedthattherearetwotypesofCOX；COX－1and
COX－2，andthreetypesofPGES；CytOSOlicPGES（CPGES），membrane－aSSOCiated PGES
（mPGES）－1andmPGES－221J23）．cox－1andcPGESareconstitutivelyexpressedinmost
tissues24），functionallycoupled，andpromoteimmediatePGE2PrOduction25）・COX－2and
mpGES－1areinduced by variousinflammatory stimuli26－29），functionally coupled，and
promote delayed PGE2PrOduction30）・mPGES－2，areCentlydiscoveredthird PGES，is
constitutivelyexpressedandfunctionallycoupledwithbothCOX－1andCOX－231）・The
inhibition of COX activity by non－SterOidalanti－inflammatory drugs（NSAIDs）such as
asplrlnisatthecenterofcurrentanti－inflammatorytherapleS・Recently，neWClassesof
drugstargetlngmPGES－1areunderdevelopmentforthetreatmentofinflammatorydiseases
suchasrheumatoidarthritis（RA）32）．RAisachronicdiseasecharacterizedbysystemicand
localinflammationleading toJOlnt destruCtion and functionalimpalrment33）The
proinflammatorycytokinesincludingTNF－αandIL－1βplaykeyrolesininitiatingRA，and
thesecytokinesinducetheproductionofPGEっwhichinducesseveralpathologicfeaturesof
RAsuchaspalnandbonedestruCtion34，35）・Therefore，regulationsofproductionofTNF－α
andPGE2maybeatherapeutictargetinRA・
AngelicadahuricaBenth・etHook・（Umbelliferae）isoneoftheimportantmedicinalplants
inKoreaandtherootsofwhichhavetraditionallybeenusedtoreduceheadachecausedby
cold，tOOthache，neuralgiaandhemorrhageasChinesemedicines36）・Itisreportedthatthe
components from Angelica dahurica have various biologlCal activities such as
hepatoprotectiveactivityagainsttacrine－inducedcyotoxicityinHepG2cells37），inhibitory
activityagainstcompound40′80－inducedhistaminereleaseinmouseperitonealcavity38），and
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antimicrobialactivity39）・
Tbclarifytheanti－inflammatoryeffectsofAngelicadahurica，Ihaveexaminedeffectsof
furanocoumarinsisolated from the roots of Angelica dahurica and semi，Synthesized
COmPOundsfromtheisolatedfuranocoumarinsonLPS－inducedproductionofPGEっandTNF－
αinratperitonealmacrophagesandmurinemacrophagecell1ineRAW264．7cells．
I．2．　Results
I・2・l・EffbctsofvariousfractionsfromtherootsofAngeLicadahuricaonLPS－induced
productionofPGE2
IncubationwithLPS（0・1FLg／ml）for8hprominentlyincreasedPGE2PrOductioninrat
Peritonealmacrophages（Tbblel）・From the methanolextract ofthe roots ofAngelica
dahurica，n－hexane，methylenechloride，ethylacetateandwaterfractionswereobtained，and
theeffectsofthesefractionsat30〝g／mlontheLPS－inducedPGE2prOductionwereexamined．
Except for the Water fraction，all
Tablel．Ef鮎ctsorvadousnmctionsrIumtheroots
Of Angeuca　血hurica on LPS－indueed PGE2
production，
Treatment PGE2（ng／ml）
None
LPS（0．1〃扉mけ
LPS十methanolextractPOFJgml）
LPS十n・hexanefraction（30〟dmり
LPS十methylenechlordefraction（30FJg／ml）
LPS＋ethyIacetatefraction（30FJdml）
LPS＋Waterfractbn（30／JgmI）
LPS十indomethach（0．1〃M）
2．07±0．15★嶽
8．40±0．15削柑
5．61±0．21斎押
2．53±0．11拙
1．96±0．13佃
6．54±0．28沖が
8．40±0．α；削用
1．89±0．17嶽★
Valuesarethemeansfrom丘）urSamPleswiththeS．E．M，Statistical
slgni石cance；樹や＜0．001vs．None；‥pd．01．’‥p＜0．001vs．LPSconfrOl，
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the fractions slgnificantlyinhibited
the LPS－induced PGE2PrOduction
（1もblel）・Amongthesefractions，
the methylene chloride fraction
Showed themost potentinhibitory
activity，and followed by the n－
hexane fraction・Theinhibitory
effect of the methylene chloride
fractionat30FLg／mlwasalmostthe
same asthatofindomethacin at O．1
〝M（ulblcl）・
I．2．2．Effbctsofisolatedfuranocoumarinsandsemi・SynthesizedcompoundsonLPS－
inducedproductionofPGE2
Fromthemethylenechloridefractionandthen－hexanefraction，fivefuranocoumarins（Fig・
1）havebeenisolatedandfivesemi－Syntheticcompoundsfromtheisolatedfuranocoumarins
（Fig・2）havebeenprepared・
OY O「㌣
。ナ　H：ヂcH3
Byakangelicin Phell0Pterin lmperatorin lsoimperatorjn Oxypeucedaninmethanolate
Figurel・ChemicalstructuresoffuranocoumarinsisoIatedfromtherootsofAtlgelicadahurica・
く奉041Byakangelicin一旦－
2一，3l・Dihydrobyakangelicin
a
lmperatorin　　旨
奉
phell0Pterinユーート
2．，3一，3，4・Tetrahydrobyakangelicin　　　　　21，3’・Dihydro・8・hydroxybergapten
Oxypeucedaninmethanolate斗霊
2I，3r・Dihydro・8・hydroxypsoralen 2．，3r－DihydrooxypeucedaninmethanoIate
Figure2・Preparationofsemi－SyntheticcompoundsfromtheisoIatedfuranocoumarins・
a．H2，Pd／Cleq・，30min，b・H2，Pd／C2eq・，lh
Among theisolated furanocoumarins and semi－Synthesized compounds，phellopterin，
imperatOrinandisoimperatorininhibitedtheLPS－inducedPGE2PrOductionmoreeffectively
thanothercompoundsat30FLM・Theinhibitoryeffectsofthesecompoundsat30FLMwere
almostthesameasthatofindomethacinatO．1FLM（Fig・3）．
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Compound（30〃M）
1；Byakangelicin
2；2．，3’－Dihydrobyakangelicin
3；21，3．，3，4－TetrahydrobyakangeIicin
4；Phel10Pterin
5；2T，3’－Dihydr0－8－hydroxybergapten
6；血PeratOrin
7；21，3I・Dihydro・8－hydroxypsoralen
8；Esoimperatorin
9；Oxypeucedaninmethanolate
10；2t，3．－Dihydrooxypeucedaninmethanolate
LPS（0．1〃釘ml）
Figure3．Effbcts of theisolated and semi－Synthesized furanocoumarins on LPSqinduced PGE2
PrOduction．Rat peritonealmacrophages（7・5xlO5cells）、Vereincubatedfor8hin O・5mlofmedium
COntainingeachcompound（30fJM）orindomethacin（IM，0・lFiM）inthepresenceofLPS（0・lFLg／mJ）・The
COnCentration of PGE2in the conditioned medium was measured by radioimmunoassay．Values are the
means from four samples with the S．E．M．sho、Vn by vertical bars・Statistical significance；＃＃P＜0・01，
＃＃＃P＜0．00lvs．None了＊P＜0．01，…P＜0．001vs．LPScontrol．
I．2．3．EffbctsofimperatOrinontheproteinlevelsofCOX・1，COX・2，CPGESand
mPGES・l
Tb clarify the mechanism of action for theinhibition of PGE2PrOduction by
furanocoumarins，the effectsofimperatorinontheLPS－inducedincreaseinthelevelsof
COX－2andmPGES－1wereexamined・AsshowninFig・4A，imperatorinat3to30FLM
inhibitedtheLPS－inducedPGE2PrOductionat8hinaconcentration－dependentmanner，and
at3〝M，PGE2PrOductionwassuppressedt049％thatofLPScontrol・TreatmentwithLPS
（0．1FLg／ml）for8hinducedtheexpressionofCOX－2andmPGES－1（Fig・4B）・Inthe
presenceofdexamethasone（0・1FLM），boththeLPSLinducedincreasesinthelevelsofCOX－2
andmPGES－lweresuppressed・Imperatorinat3to30FLMalsosuppressedtheLPS－induced
expressionofCOX－2andmPGES－1inaconcentration－dependentmanner（Fig・4B）・The
levelsofCOX－1andcPGESwerenotaffectedbytreatmentwithLPSalone，OrWithLPSand
imperatorin（Fig．4B）．Thesefindingssuggestthattheinhibitoryeffectofimperatorinonthe
LPS－inducedPGE2prOductionisduetotheinhibitionoftheexpressionofbothCOX－2and
mPGES－1．
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LPS（0．1〃g／ml）　　　　　＋　　＋　　＋　　＋　　＋
lmperatorin（FJM）　　　　　　　　　　3　10　30
Dexamethasone（IJM）・　・　0．1
（B）　cox＿2－
COX－1－
mPGES－1＞
CPGES＞
・幽魂錮幾・壕あ・．－こ船超越議彿繭鍼踊 ・
噸繊巧蠣錮静錮繭醇嶺轢醇輔輌輪痍細事・
商機醇　鋤 ．・．譲轍繊料　靂或
qd瞞紬　　 ＿
LPS（0．1IJg！ml）　　　－　　＋　　＋　＋　＋　＋
lmperatorin（FJM）　　　　　　　－　　3　10　30
Dexamethasone（fJM）・・　0．1
Figure4・EffbctsofimperatOrinonLPS－inducedexpressionsofCOX－1，COX－2ICPGESandmPGES－1・
Ratperitonealmacrophages（l．5xlO6celIs／mI）lVereincubatedfor8hinO・5ml（A）or2ml（B）ofmedium
COntainingtheindicatedconcentrationofimperatorinordexamethasone（0・lFLM）inthepresenceofLPS（0・1
FLg／ml）．（A）TheconcentrationofPGE2in theconditioned medium wasmeasured byradioimmunoassay・
Valuesare the meansfromfoursamples with the S．E．M．shown byl′erticalbars．Statisticalslgnificance；
＃P＜0．05，＃＃P＜0．01，＃＃＃P＜0．001vs．Non－Stimulatedcontrol；輌P＜0．00lvs．LPScontrol．（B）Theproteinlevels
OfeachCOXandPGESweredeterminedbyimmunoblotting・
I．2．4・EffbctsofimperatOrinonLPS－inducedincreasesintheIeveIofTNF－CLmRNA
andprotein
ThetreatmentofRAW264．7cellswithLPS（0．1FLg／ml）increasedthelevelofTNF－α
mRNAat4h（Fig．5A）andTNF－αprOteinat6h（Fig・5B）・Imperatorinat3to30〝M
suppressed the LPS－inducedincreasein thelevelof TNF－Ct mRNA and proteinin a
concentration－dependentmanner（Fig・5AandB）・Thesefindingssuggestthatimperatorin
inhibitstheLPS－inducedTNF－αprOductionbysuppresslngtheexpressionofTNF－CtmRNA・
（A）TNF・α
mRNA
（???????↑
O
LPS（0．1FJg／ml）
lmperatorin（〃M）
＋　　　　＋　　　　＋
3　　10　　30
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Figure5・Efftets ofimperatorin on LPS－
induced expression of TNF－α・RAW264・7
cells（5x105cells／ml）、Vereincubatedfor4h（A）
or6h（B）inlml（A）orO・5ml（B）ofmedium
containing LPS（0．1yg／ml）and theindicated
concentrationofimperatorin．（A）Thelevelsof
mRNAforTNFTαandGAPDHlVeredetermined
byRT－PCR．（B）TheconcentrationofTNFαin
the conditioned mediumlVaS meaSured by
ELISA．Valuesarethemeansfromfoursamp］es
with the S．E．M．shown by vertical bars・
Statisticalslgnificance；＃＃P＜0．01，＃＃＃P＜0・00l vs・
Non－Stimulated control；＊p＜0．05，榊P＜0．00l vs．
LPScontrol．
I・2・5・EffbctsofinhibitorsofMAPKsandNF－TeBonLPS－inducedproductionofTNF－α
TheinvoIvement of MAPKs and NF－KBin LPS－induced expression of TNF－CL WaS
analyzed・AsshowninFig・6，inthepresenceofUO126（MEKinhibitor），SB203580（p38
MAPKinhibitor），SP600125（JNKinhibitor）orBayII－7082（NF－KBinhibitor），the LPS－
inducedproductionofTNF－αWaSSlgnificantlysuppressed・Thesefindingssuggestthatthe
activations of MAPKs and NF－1｛B up－regulate expression of TNF－αin LPS－Stimulated
macrophages．
（???????↑
LPS（0．1〃g／ml）
UO126（〃M）
SB203580（〃M）
SP600125（〃M）
Baylト7082（〃M）
?．．?．???．????????
Figure6．EffectsofinhibitorsofMAPKsandNF－
KB on LPS－induced expression ofTNF－α．RAW
264．7cells（5xlO5cells／ml）11′ereincubatedfor6hin
O．5mlofmediumcontainingLPS（0．1FLg／ml）andthe
indicated concentrationofthe MEKinhibitor UOl26，
thep38MAPKinhibitorSB203580，theJNKinhibitor
SP6001250rthe NF－TCBinhibitorBayII－7082．The
concentration of TNトαin the conditioned medium
、VaSmeaSuredbyELISA・VaIuesarethemeansfrom
foursamples、ViththeS・E・M・Sho、、′nbyverticalbars・
Statistical sLgnificance；＃＃P＜0・01．＃＃＃P＜0・001vs・
Non－Stimulatedcontrol；榊P＜0．001vs．LPScontrol．
I・2・6・EfrbctsofimperatOrinonLPS－inducedphosphorylationofMAPKs
ThetreatmentwithLPS（0・1FLg／ml）for30mininduced phosphorylationofERK，p38
MAPKandJNK（Fig．7）・At3to30FIM，imperatorin did not affect the LPS－induced
Phosphorylation ofeach kinase（Fig・7）・These findingsindicate that theinhibition by
imperatorinoftheLPS－inducedTNF－ClprOductionisnotmediatedthroughsuppressionof
MAPKsactivation．
P－ERK＝
ERK；
P－P38MAPK＞
P38MAPK－
LPS（0．1〃g／ml）　　　　　＋　　＋　　＋　　＋
lmperatorin（〃M）　　　　　　　3　10　　30
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Figure7・Effbcts ofimperatorin on LPS，
induced phosphorylation of MAPKs・RAW
264．7cells（5xlO5cells／ml）lVereincubated for
20minin2m】ofmedium containingLPS（0・1
iig／ml）and theindicated concentration of
imperatorin・Theproteinlevelsofphosphorylated
（P）TERK，ERK，Phosphorylated（P）－P38MAPK，
p38MAPK，PhosphoryIated（P）TJNK，andJNK
weredeterminedbyimmunoblottlng・
I．2．7．EffbctsofimperatOrinonLPS・inducedactivationofNF・TCB
ThetreatmentwithLPS（0．1Ftg／ml）increasedNF－1｛B－mediatedluciferaseactivityat6h
（Fig・8A）and binding ofNF一KB toits specific oligonucleotide probe atl h（Fig・8B）・
Imperatorinat3to30FLMdecreasedtheLPS－inducedluciferaseactivityandDNAbindingof
NF－KB（Fig・8AandB）．BayII－7082atlOFLMalsosuppressedtheactivationofNF一KB（Fig・
8AandB）．ThesefindingssuggestthatimperatOrininhibitstheLPS－inducedproductionof
TNF－αbysuppresslngtheactivationofNF－KB・
LPS（0．1FJg！ml）
h叩eratOrin（〃M）
Baylト7082（〃M）
?????????．???????．
LPS（0．1FJg／mL）
lmperatorh（〃M）
Baylト7082（〃M）
Figure8．Effbcts ofimperatorin on LPS－induced
activationofNF二tCB．（A）RAW264．7cells（6xlO6
Cells）were transfectedlVith30jig Of pNF－kB－Luc，
andincubated for12hin24－We11cell culture dishes
（2．5xlO5cells／0．5ml／well）．Thecells werefurther
incubatedfor6hinO．5mlofmediurncontainIngLPS
（0．1FLg／ml）and theindicated concentrations of
imperatorin or BayIト7082，andluciferase activlty
lVaS meaSured as relativeluciferase unit（RLU）．
Values are the means from four samp］esIVith the
S．E．M．shown by vertical bars．　Statistical
Significance；＃P＜0・05，＃＃P＜0・01vs・Non－Stimulated
COntrOl；＊＊p＜0．01vs．LPS control．（B）RAW264．7
CelIs（5xlO5cells／ml）wereincubatedforlhin4ml
Of medium containing LPS（0．1FLg／ml）and the
indicatedconcentrationofimperatorinorBayll－7082・
The nuclearproteit‥VaSeXtraCted，andthelevelsof
NF，l＜B boundtotheDNA probe、VaSdetermined by
EMSA．
I．2．8・EffbctsofimperatorinonLPS－induceddegradationofIKB－CL
ThetreatmentwithLPS（0．1FLg／ml）for30mininduceddegradationofIKB－α（Fig・9）・In
thepresenceofimperatorinatwhichconcentrationsNF－KBactivationwasinhibited，theLPS－
induceddegradationofIKB－αWaSnOtaffected（Fig・9）・BayII－7082atlOFLMpotently
suppressedthedegradation（Fig・9）・Thesefindingsindicatethatinhibitionbyimperatorinof
NF一KBactivationisnotmediatedthroughsuppressionoftheLPS－inducedIKB－αdegradation・
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lKB－α－
Actin－
LPS（0．1〃g／ml）
lmperatorh（〃M）
Baylト7082（〃M）
こ‾載 十
鏑繭鰍 鋤繭蜘 二絹輪絵－礫蠣級欄輌鯵欄繭輸
??????．???．????．
Figure　9．　Effbcts ofimperatorin on LPS－
induceddegradationofIlくB－α．RAW264．7cells
（5x105ceHs／ml）lVereincubatedfor30minin2
mlofmediumcontainingLPS（0．1FLg／ml）andthe
indicated concentration ofimperatorin．　The
PrOteinlevelsofllくB－αandactinlVeredetermined
byimmunoblottlng．
I・2・9・EfrbctsofimperatorinonbindingofNF－7（BtoDNAinvitro
ThenuclearproteinsextractedfromLPS－treatedcellswereincubatedwithimperatorinor
BayII－7082invitro・AsshowninFig・10，imperatorinat30andlOOFLMinhibitedthe
increaseinthebindingofNF－KBtoDNA・However，BayII－7082atlOFLMdidnotaffectit・
ThesefindingssuggestthatimperatOrininhibitstheactivationofNF－KBbysuppresslngthe
bindingofNF－1｛BtoDNA．
Non・treated
nuclearextract
LPS・treated
nucLearextract＋　　　＋　　　　＋　　　十　　　十
lmperatorin（〃M）　－　　　　10　30　100
Baylト7082（〃M） 10
FigurelO．Effects ofimperatorin on binding
OfNF－KBto DNAit7Vitro．RAW264．7cells（5
XlO5ce11S／ml）lVereincubatedforlhin4mlof
medium containing LPS（0．1FLg／ml）．　The
nuclearproteinwasextracted，and4pgofprotein
wasincubated for　30　min at　370c with the
indicatedconcentrationofimperatorinorBayII－
7082．Thelevels of NF」CB bound to the DNA
PrObewasdeterminedbyEMSA・
I・2・10・EffbctsofdithiothreitolonimperatOrin・inducedinhibitionofNF一KBactivation
Becausecl，β－unSaturatedcarbonylcompoundsreactdirectlywithcysteinesulfhydrygroup
OfNF一KB40），influenceofdithiothreitol（DTT）havingtwosulfhydrylgroupsonimperatorin－
inducedinhibition ofNF－1｛B activationwas examined・As shownin Fig・11，the LPS－
inducedbindingofNF一KBtoDNAwasinhibitedbyimperatorinat30！LM・Inthepresence
OfDTT；theinhibitoryeffectofimperatorinontheLPS－inducedDNAbindingofNF－KBwas
reduced（Fig・11）・ThesefindingssuggestthatimperatorinreactswithNF－KBandinhibitsits
bindingtoDNA．
10
LPS（0．1〃g／m】）
lmperatorin（30〃M）
DTT（100〃M）
I．3．　Discussion
???????．??
．??
????．??．
．
Figure ll・　Effbcts of dithiothreitol on
imperatOrin－indueed inhibition of NF－TeB
activation．RAW264．7cells（5xlO5cells／ml）
lVereincubated forl hin　4　ml of medium
COntaining LPS（0・l FLg／ml）andimperatorin（30
FLM）in the presence orabsenceofdithiothireitol
（DTT，100　FEM）．　The nuc］ear proteinlVaS
extracted，and thelevels of NF－1くB bound to the
DNAprobe、VaSdeterminedbyEMSA．
Among theisolated furanocoumarins and semi－Synthesized compounds，phellopterin，
imperatorinandisoimperatorinshowedpotentinhibitoryactivityfortheLPS－inducedPGEっ
PrOduction（Fig．3），and theinhibition byimperatorinis mediated through suppression of
inductionofCOX－2andmPGES－1（Fig．4）．Furthermore，theinhibitoryactivityofthesemi－
Synthesized compounds did not exceed over that of theisolatedfuranocoumarins・For
example，phellopterin showed more potentinhibitory activity than　2，，3’－dihydr0－8－
hydroxybergapten，aPartiallyreducedformofphellopterin（Fig・3）・Thesefindingssuggest
that double bondsin furan rlng and pyran0－2－One rlng，and Rl and R2substitutions are
importantfortheexpressionoftheinhibitoryactivityontheLPS－inducedPGE2PrOduction・
ActivationofNF－KBinducesproinflammatorycytokinessuchasIL－1βandTNF－α，Which
activatetheNF－KB41）・Thus，thepositiveauto－regulationmaylnCreaSetheinflammatory
response and prolong the duration ofchronicinflammation・NF一KB also stimulates the
expressionofenzymeswhoseproductscontributetothepathogenesisoftheinflammatory
process，includinginducibleNOS（iNOS）andCOX－241）・AsshowninFig・4，imperatorin
inhibitedtheLPS－inducedCOX－2expressionatwhichconcentrationstheactivationNF－KB
wasinhibited（Fig．8）．Itis also reported thatimperatorininhibits LPS－induced NO
productionthroughsuppressionofiNOSexpressioninRAW264・742）・Therebre，1tis
suggestedthattheinhibitionbyimperatorinofproductionofPGE2，TNFEαandNOfromthe
activatedmacrophagesismediatedthroughsuppressionoftheactivationofNF－KB・Incase
ofmPGES－1，itis reported that GCboxes are criticalforitspromoteractivity，Where a
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transcrlPtionfactorEgr－1bindsandtriggersthetranscription43），andNF－KBalsopartial1y
participatesintheexpressionofmPGES－144）・InadditiontoNF－KB，MAPKsareanother
ma］OrSlgnalingmoleculesfortheinductionoftheproinflammatoryproteinsincludingCOX－2，
iNOS and TNF－Clin LPS－Stimulated macrophages　7）　Activated MAPKsinduce
transactivation of transcription factors such as cAMP response element（CRE），aCtivator
PrOtein（AP）－1，and CCAAr／enhancer binding protein（CEBP）－βthat also contribute to
expressionoftheproinflammatoryproteins45）・BecauseimperatorindidnotaffecttheLPS－
inducedphosphorylationofMAPKs（Fig・7），itis suggested that theinhibitory effects of
imperatorinontheexpressionofCOX－2andTNF－αaremainlymediatedbysuppressionof
NF－KBactivation．
Theimperatorin－mediatedinhibitionofNF一KBactivationwasreversedbyDTT（Fig・11），
SuggeSting thatimperatorin modifies a sulfhydrylgroupin NF一KB・Itis reported that
CySteine38and620fNF－1｛BbindtoDNAbyformlnghydrogenbondwithsugar／phosphate
backbone of thel｛B－DNAmotif46），and severalstudies have been reported that ct，P－
unsaturatedcarbonylcompoundreactdirectlywithNF－KB40・47，48）・4－Hydroxy－2－nOnenal，an
α，β－unSaturatedcarbonylcompoundsdirectlyinhibitedDNAbindingofNF一KBandreduced
LPS－induced production of NOin vascular smooth muscle cells47）Moreover，a
sesquiterpenelactone helenalin40）and a triterpenoid saponin avicinS48）alsoinhibited
activationofNF一KBwithasimilaractionmechanismofimperatorin（Fig・10）・
BesidestheinhibitionofNF一KBactivation，itisreportedthattheCl，β－unSaturatedcarbonyl
COmPOunds have a chemopreventive activity byinducing phaseII enzymesincluding
glutathione S－tranSferase，NAD（P）H：quinone reductase and epoxide hydrolase49）A
transcriptionfactorNrf2thatinducesphaseIIenzymesnormallylocalizedincytosolbindsto
a chaperone，Keap149）．By the reaction of cl，β－unSaturated carbonylcompoundswith
cysteineinKeapl，Nrf2releasedfromKeapltranslocatesintonucleusandbindstopromoter
region ofphageIIenzymes50）・Avicins and other compounds havingα，β－unSaturated
carbonylgroupinducedtheactivationofNrf2andtheinhibitionofNF－KBbythereaction
withcysteine51）・Thus，thesecompoundsincludinglmPeratOrinmaybepotentialtherapeutic
agentshavingvariousbiologlCalactivitiesincludinganti－inflammatoryandchemopreventive
activities．
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Inconclusion，imperatorinisolatedfromtherootsofAngelicadahuricashowedthepotent
inhibitory activity on the LPS－induced PGE2PrOduction by suppresslng theinduction of
COX－2andmPGES－1inratperitonealmacrophages・Furthermore，imperatorinreducedthe
LPS－inducedTNF－αPrOductionbysuppresslngtheactivationofNF－KBinRAW264・7cells・
Therefore，itissuggestedthatimperatorinmightbealeadcompoundforanti－inflammatory
drughavingasuppressiveactivityagainsttheactivationofmacrophages・
13
ChapterII・InhibitionofprostagIandinE2prOductionbyIignansisolated鉦om
AcanthqpanaxchiLsanensLsinratperitoneaImacrophages
II．1．Introduction
NSAIDsinhibitsynthesisofprostaglandinbyinhibitingactivltyOfCOX，andhavebeen
widelyusedinthetreatmentofinflammatorydiseases・MostNSAIDsexhibitanalgesicand
antipyreticactivities，andsomeofNSAIDshaveanti－thrombogenicactivlty52）・Furthermore，
SeVeralstudieshavereportedthattherelativeriskofcolorectalcancerwasdecreasedby40－
50％incontinuoususersofasplrlnOrOtherNSAIDs，SuggeStlngthatthesedrugsmayhave
Chemopreventiveactivity53）・However，NSAIDshaveside－effectssuchasgastrointestinal
lnJury54）・Therebre，mOrePOtentandlessside－effectanti－inflammatorydrugsarestillunder
developmentforthetreatmentofinflammatorydiseases・
TherootsandstembarksofAcanthqpanaxspecies，medicinalplantshavingglnSeng－like
activities，havetraditionallybeenusedforthetreatmentofrheumatoidarthritisanddiabetes
mellitus　55156）　Among Acanthqpanax speCies，Acanthqpanax chiisanenesis Nakai
（Araliaceae）isoneofthemostabundantindigenousspeciesdistributedinMt．JiriinKorea，
however，itsmechanismofactionforanti－inflammatoryactivityhasnotbeenanalyzed・
Inthis study，tO ClaribT the anti－inflammatOry aCtivities ofAcanthq）anaX Chiisanensis，
effects of fivelignan compounds（l－SeSamin，helioxanthin，SaVinin，taiwanin C and cis－
dibenzylbutyrolactone）fromtherootsofAcanulq，anaXChiisatはnSisonPGE2PrOductionin
ratperitonealmacrophageswereexamined．
Ⅲ．2．　Results
II・2・l・EffbctsofvariousfractionsfromtherootsofAcanfhqpanaxchiisanens伝on
TPA・inducedPGE2prOduction
Theincubationofratperitonealmacrophagesfor8hinthepresenceofTPA（30nM）
inducedaprominentincreaseinPGE2PrOduction（Tbble2）．Amongfourfractionsfromthe
methanolextractoftherootsofAcanthqpanaxchiisanensis，thechloroformfractionandethyl
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Table2．Et恥cts orvariousrractions什om the
roots ofAcanthLPanaX Chiisanensis on TPA－
inducedPGE2prOduction．
Treatment PGE2（ng／mr）
None
TPA（30nM）
TPA＋n・hexanefraction（100〟g／mり
TPA＋Chloroformfraction（100FJdml）
TPA＋ethylacetatefraction（100Jjg／mI）
TPA十rrbutanoJ（100Ijg／ml）
2．10±0．01七練
8．48こと0．57相川
8．28±0．59舶用
2．1 ± ．12拙
3．58±0．33甘ナ
8．63±0．75…
Vaユuesarethemeansfrom丘）urSampleswiththeS・E・M・
Stalisticalsignificance；Fp＜0．05，榊Pd）・001vs・None；
…pd．001vs．TPA∝）ntrOl．
acetate fraction atlOO FLg／ml showed a
POtentinhibitory actlVlty agalnSt the LPS－
induced PGE2　PrOduction（Tbble　2）．
However，the n－hexane fraction and／巨
butanolfractionatlOOFLg／mlhadno effect
（Thble2）．
II．2．2．EffbctsoflignansonTPA・inducedPGE2prOduction
Fromthechloroformfraction，fivelignanshavebeenisolated（Fig・12）・
l－Sesamin HelioxantMn Savinin TaiwaninC cis－Dibenzylbutyrolactone
Figure12・ChemicalstructuresoffivelignansisolatedfromtherootofAcanthqpaTlaXChiisaneTISis・
Amongthefivelignans，taiwaninCshowedthemostpotentinhibitoryeffectontheTPA－
inducedPGE2prOductionwithanIC50ValueofO・12〝M・At30FLM，helioxanthin，Cis－
dibenzylbutyrolactoneandsavinininhibitedtheTPA－inducedPGE2PrOductionby46・2％，
38．9％，and26．2％，reSpeCtively，Whilel－SeSamin showed no significant effect（Fig・13）・
Underthiscondition，indomethacin asapositivecontrolinhibitedtheTPA－induced PGEっ
productionwithanIC5。ValueofO・01FLM（Fig・13）・
TPA（30nM）stimulatedPGE2prOductioninatime－dependentmannerfrom4to24h，and
taiwaninCatlFLMshowedalmostcompleteinhibitionunti124hasindomethacinatO・1〝M
・did（Fig．14）・
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TPA（30nM）
Figure13．Effbcts ofvarious eoIICentrations oflignans on TPA－induced PGE2prOductionin rat
peritonealmacrophagcs．Ratperitonealmacrophages（7・5x105cells）、Vereincubatedfor8hinO・5mlof
mediumcontainingTPA（30nM）andtheindicatedconcentrationofeachlignan．TheconcentrationofPGE2
intheconditionedmediumwasmeasuredbyradioimmunoassay．Valuesarethemeansfromfoursamples
WiththeS．E．M．shownbyverticalbars．Statisticalslgnificance；＃＃＃P＜0・001vs・None；＊P＜0・05，＊＊P＜0・Ol，
＊＊＊P＜0．001vs．TPAcontrol．
0　　4　　　8
?
（【?、??）??
?
24
lncubationTime（h）
Figure14・TimecourseoftheefrbetoftaiwaninConTPA・inducedPGE2prOduction・Ratperitoneal
macrophages（7．5xlO5ceIIs）wereincubatedfortheperiodsindicatedinO・5m】ofmediumcontainingTPA
（30nM）andtheindicatedconcentrationoftailVaninCorindomethacin・TheconcentrationofPGE2inthe
conditionedmediumwasmeasuredbyradioimmunoassay・Valuesarethemeansfromfoursampleswiththe
S・E・M・Shownbyvertica＝〕arS・ThesymboIs、VithouttheS・E・M・barsmeanthattheS・E・M・iswithineach
symbol．Statisticalsignificance；＊p＜0・05；TPA vs・TPA＋Tai、Vanin C（0・OIFJM）at4，8and24h・
＊＊＊P＜0．001；TPAvs．TPA＋TailVaninC（0．1FLM），TPA＋Tai、VaninC（1〝M）．TPA＋Indomethacin（0・l
FLM）andNoneat4，8and24h・
II．2．3．EffbctsoftaiwaninConCOX－1－andCOX－2－dependentPGE2prOduction
Inthedexamethasone（10FLM）－Pretreatedmacrophages，PGE2PrOductionat4hinthe
presence of dexamethasone（10FLM）was prominentlyincreased by the addition of
arachidonicacid（10FIM）（COX－1－dependentPGE2prOduction），andindomethacininhibited
theproductionwithanIC，。ValueofO・33FLM（Fig・15A）・However，theCOX－2specific
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inhibitorNS－398showednoinhibitoryactivityatO．01toIFLM・Intheaspirin（100FLM）－
pretreatedmacrophages，PGE2PrOductionincreasedmarkedlyontheadditionofTPA（30nM）
at4h（COX－2－dependentPGE2PrOduction），andindomethacinandNS－398inhibitedthe
productionwithanIC5。ValueofO．01FlMandO．005〝M，reSPeCtively（Fig・15B）・AtlFLM，
taiwanin Cinhibitedthe COX－1－dependent PGE2prOductionby46・9％（Fig・15A）・The
COX－2－dependentPGE2PrOductionwasalsoinhibitedbytaiwaninC，withanIC50Valueof
O．23／‘M（Fig．15B）．
（A）COX－1－dependent
PGE2PrOduction（???????
（B）COX・2－dependent
PGE2PrOduction（?、?????
lndomethacinNS－398　　TaiwaninC
Figure15・EfreetsoftaiwaninConCOX・1－dependentPGE2prOduetionandCOX－2－dependentPGE2
production・（A）Ratperitollealmacrophages（7・5xlO5cells）werepreincubatedfor12hinO・5mlofmedium
containingdexalnethasone（10FLM）・Afterthreewashes，thecellswerefurtherincubatedfor4hinO・5m10flnediuln
contaillillgdexalnethasone（10FLM）andthehldicatedcollCentrationofilldomethacil一，NS－3980rtaiwallinCinthe
presenceofarachidonicacid（10FLM），andtheconcentratioll0fPGE2intheconditionedmediumwasmeasuredby
radioimmunoassay（COX－1，depelldentPGE2PrOduction）・（B）Anothersetofmacrophages（7・5xlO5cells）were
preincubatedfor12hinO・51nlofmediumcontainingaspirin（100FLM）・Afterthreewashes，thecellswerefurther
incubatedfor411il10．5mlofmediulnCOntainlngtl－eilldicatedconcentrationofindomethacill，NS－3980rtaiwal－illC
illthepresenceofTPA（3011M），andtheconcelltrationofPGE2intheconditiolledmediumwasmeasuredby
radioimmunoassay（COX－2－dependelltPGE2PrOduction）・ValuesarethemeansfromfoursampleswiththeS・E・M・
shownbyvenicalbars・Statisticalslgl－ifica11Ce；＃WP＜0・001vs・None；・・P＜0・01，…P＜0・00lvs・indicatedcontrol・
II．2．4．EffbctsoftaiwaninConTPA－inducedreleaseofradioactivityfrom
l3H］arachidonicacid－labeledmacrophages
TPA（30nM）stimulatedthereleaseofradioactivityfroml3H］arachidonicacid－labeled
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macrophagesintothemediumatlto4h，andtaiwaninCatO・01toIFLMshowednoeffecton
theTPA－inducedreleaseofradioactivity（Fig・16）・Thesefindingssuggestthattheinhibition
OfPGE2prOductionbytaiwaninCisnotduetotheinhibitionofphospholipaseA2・
????????（ ? ? ? ? ? ? ? ?
????????????
Figure16．Efrbcts of taiwanin C on the release of
radioactivity froml3H］araChidonic acid－1abeled rat
Peritonealmacrophages・Ratperitonealmacrophages（7．5
X105ce11S）wereincubatedfor20hinmediumcontaining
3．7kBq ofl3H】arachidonic acid．Afterthree、VaShes，the
CellswereincubatedfortheperiodsindicatedinO．5mlof
mediumin the presence of TPA（30nM）and various
COnCentrationsoftaiwaninC（●；0／JM，□；0．OIFLM，■；
0．1pM，and△；1FLM）．The amount of radioactivity
releasedintotheconditioned mediumlVaSdetermined．The
radioactlVltyreleasedfrom nonTStimulated macrophagesis
ShoIVn by open circles．Values are the means from four
SamPles．TheS．E．M．ofeachvalueistoosmalltodepict・
Statistica】slgnificance；＊＊＊p＜0．001vs．non－Stimulated
COntrOL
II．2．5．EffbctsoftaiwaninContheproteinlevelsofCOX－landCOX－2
AftertreatmentwithTPA（30nM）for6h，theCOX－2proteinlevelwasincreased，Whilethe
COX－1proteinleveldidnotchange（Fig・17）・TreatmentwithtaiwaninCatO・01tol！LMin
thepresenceofTPA（30nM）didnotaffecttheproteinlevelsofCOX－lorCOX－2（Fig・17）・
ThesefindingsindicatethattheinhibitionofPGE2PrOductionbytaiwaninCisnotduetothe
inhibitionoftheexpressionofCOX－2protein・
COX－2－・
COX－1－・
??????????
（????????????????
TPA（30nM）　　　　　　＋　　＋　　＋　　＋
TaiwaninC（〃M）．　　　　　0．01　0．1　1
Figure17・EffbctsoftaiwaninContheproteinIevelsof
COX－l and COX－2in TPA－Stimulated rat peritoneal
macrophages．Ratperitonealmacrophages（3xlO6cells）
wereincubatedfor6hin2mlofmediumcontainlngTPA
（30nM）and theindicated concentration of tai、、′anin C・
TheproteinIevelsofCOX－landCOX－2weredetermined
byimmunoblottlng・ThedensltyratiosofCOX－2protein
to COX－1protein wereca】culated，and the value ofthe
densityratiointheTPA－treatedcontrolgroupISSettOl・0・
Valuesarethe meansfromfoursampIes withthe S・E・M・
sho、Vnbyverticalbars・Statisticalslgnincance：＃＃＃P＜0・001
vs．Non－Stimulatedcontrol；榊P＜0．001vs．TPAcontroI．
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II．2．6．EffbctsoftaiwaninContheactivitiesofisolatedCOX－landCOX－2
Indomethacin，a COX－1／COX－2non－Selectiveinhibitor，inhibited the activity ofCOX－l
andCOX－2inaconcentration－dependentmanneratO．01toIFLM；theIC50ValuesforCOX－1
andCOX－2beingO・09FLMandO・16FLM，reSpeCtively・TbiwaninCalsoinhibitedtheactlVlty
OfCOX－1（Fig・18A）and COX－2（Fig・18B）；theIC50ValuesforCOX－land COX－2were
l・06〝Mand9・31FLM，reSPeCtively・NS－398，aCOX－2specificinhibitor，inhibitedCOXL2
activityin a concentration－dependent mannerat O．01toIFtM（IC50Value；0・11FLM），but
ShowednoinhibitoryeffectonCOX－1atsuchconcentrations．Thesefindingssuggestthat
theinhibitionofPGE2PrOductionbytaiwaninCisduetothedirectinhibitionoftheactivities
OfboththeCOX－1andCOX－2enzymes．
（A）COX－1
100
（B）COX－2
100
lndomethacin NS・398　　　　　TaiwaninC
lndomethacinNS・398　　TaiwaninC
Figure18・E恥ctsoftaiwaninContheactivityofisoIatedCOX・landCOX－2・OneunitofCOX－1
（isolatedfromsheepseminalvesicles）（A）andoneunitofCOX－2（isolatedfromsheepseminalpIacenta）（B）
dissoIvedin210FLlof100mMTris－HCl（PH7・4）containingl0mMEDTA・lmMreducedglutathione，1
〃MhematinandO・5mMphenol、Vereincubatedfor3minat370cinthepresenceoftheindicated
c。nCentrati。n。ftailVaninC，indomethacin，OrNS－398．Arachidonicacid（0・1FLM）、VaSthenadded，andthe
incubationcontinuedat370cforanother3min・TheconcentrationofPGE2inthereactionmixturewasthen
measuredbyradioimmunoassay，andtheconcentrationinthecontrolgrouplSSettOl00％・Valuesarethe
meansfrom foursampleswiththe S・E・M・Sho、Vn by verticalbars・Statisticalslgnificance了P＜0・05，
＊＊P＜0．01／＊＊p＜0．00lvs．correspondingcontrol・
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II・2・7・EffbctsoftaiwaninConthapslgargln－andstaurosporine・inducedPGE2
production
TbshowthattheinhibitoryactivityoftaiwaninCisnotspecifictotheTPA－inducedPGEっ
PrOduction，effectsoftaiwaninConPGE2prOductionstimulatedbyotherdrugsincluding
thapslgargln，anendomembrane Ca2＋－ArPaseinhibiton andstaurosporine，anOn－SPeCific
PrOtein kinaseinhibitor，Were eXamined・In the presence ofthapsigargin（30nM）or
StaurOSPOrine（30nM），PGE2PrOductionwasprominentlyincreasedat8h（Fig．19）．On
treatment with taiwanin C（1FEM），the thapsigargin－and staurosporine－induced PGE2
PrOductionwasstronglyinhibitedasinthecaseoftheTPA－inducedPGE。PrOduction（Fig．
19）．
TajwaninC（1FJM） 十　　　　　一　　　　　　十　　　　　一　　　　　十
Thapslgargin Staurosporine
（30nM）　　（30nM）
Figure19．　Efrbcts of taiwanin C on PGE2　prOductioninduced by TPA，thapslgargln，and
Staur・OSpOrine．Ratperitonealmacrophages（7・5x105cells）wereincubatedfor8hinO・5mlofmedium
COntainingTPA（30nM），thapsigargin（30nM）or staurosporine（30nM）in the presence orabsence of
taiwanin C（1FM）．The concentration of PGE2in the conditioned medium was measured by
radioimmunoassay．Values are the means from four samples、Vith the S・E・M・Sho、Vn by verticaIbars・
Statisticalsignificance；＃＃＃P＜0・001vs・Non－Stimulatedcontrol；…p＜0・001vs・COrreSPOndingcontrol・
II．3．　DiscussioIl
Tbiwanin C showed no effect on the TPA－induced release of arachidonic acid from
membranephospholipids（Fig・16）ortheexpressionofCOX－2protein（Fig．17），butshowed
adirectinhibitoryeffectontheactivityoftheisolatedCOX－1andCOX－2（Fig．18）．These
findingsindicate thattaiwanin CsuppressesTfA－induced PGE2PrOductionby the direct
inhibition of the activities of COX－1and COX－2．Tbiwanin C alsoinhibited COX＿1＿
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dependentPGE2PrOduction（anIC50Value；mOrethanl〝M）and COX－2－dependent PGE2
PrOduction（anIC5。Value；0．23FLM）（Fig．15）．Itis reported thatIC5。Values change
dependingontheassaysystem57）；prObablyreflectingdifferencesinproteinbindingand
distribution across cell membranes58）．The mechanism of action of taiwanin C for the
inhibition ofPGE2prOductionis similartothat ofacidic NSAIDs such asindomethacin，
ibuprofen，andmeclofenamate．
AcidicNSAIDscommonlyhaveacarboxylicacidresiduethatbindstoArg120inCOX－1
andblockstheapproachofarachidonicacidstothecatalyticsubunitofCOX－159）・Itiswell
knownthatgastrointestinal叫ury，amaJOrSide－effectofacidicNSAIDs54），iscausedbythe
inhibitionofprostanoidproductionviatheinhibitionofCOX－1inthegastrointestinalmucosa・
However，ithas beenreported thatthe most abundant phospholipid on the surface ofthe
gastricmucusgelwhichprotectsthemucusfromluminalacidisphosphatidylcholine，and
acidicNSAIDsinteract chemicallywithphosphatidylcholine，SeParate Phosphatidylcholine
fromthesurface，andinducegastrointestina1両urybyexposlngthesurfacetoluminalacidbO）・
BecausetaiwaninChasnocarboxylicacidresidue，itmayhavelessgastrointestinalside－
effectthanacidicNSAIDs．
In order to selectivelyinhibit the activity of COX－2，a methylsulfonylphenyl or
sulfonamoylphenylgroupattheparapositionofthearylringmustinteractwiththespecific
residueswithintheside－pOCketofCOX－261）・Usingthisapproach，SeVeralCOX－2inhibitors
suchascelecoxib62）androfecoxib63）havebeendeveloped・However，thepresentstudy
demonstrated that taiwanin C having no methylsulfonylphenyl or sulfonamoylphenyl
substituentinhibitsCOX－2actlVlty．Therefore，itissuggestedthatalactonemoietyinthe
taiwaninCmoleculeparticipatesintheinhibitionofCOX－2activlty・Inthefive－membered
rlngOfsomeCOX－2inhibitorssuchasrofecoxibandcelecoxib，atOmSCOntainlnglonepalr
electronsseemtointeractwithsomeresiduesinCOX－2．Itisreportedthatanoxygenatom
ofaketoneinthelactonemoietymakesahydrogenbondwithresiduesliningtheprlmary
COX－2channel，ParticularlytheArg120residue，andthisinteractionhelpstoinhibittheactivlty
ofCOX－264）．Theinhibition ofCOX－2activity by taiwanin CmightinvoIve the same
mechanism．
Helioxanthin，SaVlnln，and cis－dibenzylbutyrolactonethatalsocontain alactone moiety，
inhibitedtheTPA－inducedPGE2PrOductionlesspotentlythantaiwaninC（Fig・13）・The
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positionofthelactonemoietyinthesecompoundsisdifferentfromthatintaiwaninC，and
thismightbethereasonfortheirweakinhibitoryeffect・Incontrast，l－SeSaminhavingno
lactonemoietyshowednoinhibitoryeffectonT弘一inducedPGE2PrOduction（Fig．13）．
ItisreportedthatthelignanglycosidephillyrlnisolatedfromtheleavesofPhilb，rea
laゆIia（01eaceae）inhibitsPGE2PrOductionincalciumionophoreA23187－Stimulatedmouse
Peritoneal macrophages，andthromboxane B2PrOductionin A23187－Stimulated human
PlateletswithIC50Valuesof45・6FIMand168FLM，reSPeCtively65），butthemechanismof
actionhasnotbeenclari伝ed・Inthepresentstudy，itwaselucidatedthatthearylnaphthalide
lignantaiwaninChasthedirectinhibitoryactivityonisolatedCOX－1andCOX－2withIC50
Valuesofl・06FLMand9・31FEM，reSPeCtively（Fig・18）・Inaddition，ithasbeenreportedthat
thelignansneojusticinAandjusticidinBisolatedfromJusticiaprocumbensL．（Acathaceae），
Which structurally resemble taiwanin C，inhibit arachidonic acid－induced rabbit platelet
aggregationwithIC50Valuesofl・1FLMand8・OFLM，reSPeCtively66）・Itispossiblethatthe
arachidonicacid－inducedaggregationofrabbitplateletsisinhibitedbytheselignansthrough
theinhibitionofCOXactivlty，reSultingintheinhibitionoftheproductionofthromboxaneAっ
thatinducesplateletaggregation67）・
Inconclusion，amOngthefivelignans（l－SeSamin，helioxanthin，SaVinin，taiwaninC，and
Cis－dibenzylbutyrolactone）isolated from the medicinalplantAcanthqpanax chiisanensis，
taiwaninCwasthemostpotentinhibitorofT弘一inducedPGE2PrOductioninratperitoneal
macrophages．Furthermore，themechanism ofitsactionis thedirectinhibitionofCOX＿1
and COX－2activity・Itissuggestedthattheanti－inflammatoryactivityoftheextractof
AcanulqPanaXChiisanensisISPartlyduetotheinhibitionofPGE2PrOductionbytheselignans，
andtaiwaninCmightbealeadcompoundforaCOXinhibitorhavingnocarboxylicacid・
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ChapterIII．Inhibitionofproductionoftumornecrosis払ctor・αandnitrite
by2’・hydroxychalconederivatives
III．1．Int，rOduction
Flavonoids are the most common andwidely distributed group of plant phenolic
compounds，and fmits，Vegetablesandteaarethemaindietarysourcesforhuman68）
FlavonoidshavebeenreportedtopossessavarietyofbiologiCalactivities，lnCludinganti－
allerglC，anti－inflammatory，anti－Viral，andanti－CarCinogenicactivities69）・Itiswellknown
thatcatechinsingreentea，genisteininsoybeansandquercetininonionshavetheversatile
healthbenefits69）．
Chalcone，One Offlavonoids，is studiedin terms of their various biologlCalactions
includinganti－inflammatory70），anti－tumOr71）and antioxidant effects72）・Forexample，
2，，5，－dihydroxychalcone and2，，3－dihydroxychalconeinhibit polymixin B－induced hind－
paw edemain mice73）・In addition，2，－hydroxychalconeinhibits the TNF－α－induced
expression of adhesion molecules such asintercellular adhesion molecules（ICAM）－1，
vascular CAM（VCAM）－1and E－Selectinin human umbilical vein endothelial cells
（HUVEC）74）．Butein（3，4，2’，4’－tetrahydroxychalcone）induces apoptosis byinducing
caspase－3activityandBaxexpressionandbyreducingBcl－2expressioninHL－60cells75）
Previously，We alsoreportedthat2，－hydroxychalconederivativesinhibitTPA－induced
PGE2PrOductionthroughthesuppressionofCOX－2inductioninratperitonealmacrophages
76）．onthe basis ofthesefindings，tOObtainfurtherinsightintothe anti－inflammatory
effect of27－hydroxychalcones，I examined the effects of various2，－hydroxychalcone
derivativesontheLPS－inducedproductionofNOandTNF－α，andattemptedtoclarifythe
mechanismofactioninculturesofRAW264．7cells．
III．2．　Results
III．2．1．EfJbctsof2，－hydroxychalconederivativesonLPS・inducedproductionof
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nitriteandTNF・q
Production ofnitrite wasincreased by treatment of RAW264．7cells with LPS（0．1
FLg／ml）for12h，and among fourderivatives（Tbble3），COmPOundsl，2and3strongly
inhibited the LPS－induced production ofnitrite（rIbble4）・Compoundsl，2and3also
SuPpreSSedtheLPS－inducedproductionofTNF－αat6h（Thble4）・Thetyrosinekinase
inhibitorgenisteinat30FLMinhibitedtheLPS－inducedproductionofnitriteandTNF－αat
30FtM，butcompound4showednosignificanteffect（二hble4）・
Table3．Chemicalstrueturesof
2’・hydroxychalconederivatives．
Compound RI R
????????
4㌧OCH3　　　　H
4’－OCH3　　　4－OH
61－OCH3　　　4－0日
4‘－OCH3　　4－OCH3
TabIe4．EtTectsof2l－hydroxyehaleonederivativeson
LPS・hdueedproduetionofnitriteandTNF－a・
Treatment NitriteLFJM）　TNF・q（Pg／ml）
None
LPS（0．1〃〟mL）
LPS＋Compoundl（30〃M）
LPS十Compound2（30〃M）
LPS＋Compound3（30〟M）
LPS十Compound4（30JJM）
LPS＋Genistein（30〃M）
5．2±0．2士鯖
32．6±0，4州〝
6．9±0．6有畑
7．8±0．帯出
9．2±0．4も雨
31．5±0．4射用
15．9±0．6吉相
39．8±2．1出
208．8±4．2削用
55．0±4．5肝ま
57．8±2．9甜ナ
57．4±2．9肝
202．7±5．1〟〟〝
55．7±2．8肝
ValuesarethemeansfromburSamPleswiththeS・E・M・StatistiGl1
slgni石can∝；がpd．05，＃や＜0．01，が樹p＜0・001vs・Nonc；…pく0・001vs・
LPS∝）ntrOl．
III．2．2．Effbctsof2，・hydroxy－4，－methoxychalcone（compoundl）onLPS－induced
expressionofiNOSandproductionofnitrite
Incubation with LPS（0．1FLg／ml）for12h markedlyinducediNOS expression and
increased nitrite production（Fig．21Aand B）・Under these conditions，COmPOundsl
inhibitedtheLPS－inducedexpressionofiNOSandproductionofnitriteinaconcentration－
dependent manner at3to30FLM（Fig・21A and B）・These findingsindicate that
compoundslinhibitstheLPS－inducedproductionofnitritethroughtheinhibitionofiNOS
CXprCSSion．
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LPS（0）1FJg／ml）
Compoundl（〃M）
＋　　　　　　＋　　　　　＋　　　　　＋
3　　　10　　　30
Figure　21．　Effeets of　2l－hydroxy－4一・
methoxychaleone（COmPOundl）on LPS－
inducedexpressionofiNOSandproduetion
Ofnitrite．RAW264．7cells（5xlO5ceHs／ml）
Wereincubatedfor12hin2ml（A）orO．5ml
（B）ofmediumcontainingLPS（0．1JJg／ml）and
theindicated concentration of compoundl．
（A）TheproteinlevelsofiNOSandactinwere
determined byimmunoblotting．（B）The
COnCentration of nitritein the cdnditioned
medium was measured uslng Griess reagent・
ValuesarethemeansfromfoursampJes with
theS．E．M．shownby verticalbars．Statistical
Slgnificance；＃＃＃P＜0．00l vs．Non－Stimulated
COntrOl了p＜0．05，＊＊＊P＜0．001vs．LPScontrol．
III・2・3・Effbctsof2’－hydroxy－4’一methoxychalcone（compoundl）onLPS－induced
increaseintheIevelofTNF・qmRNAandprotein
neatmentwithLPS（0・1FLg／ml）increasedthelevelofTNF－αmRNAat4h（Fig．22A）
andTNF－αPrOteinat6h（Fig・22B），Whichwereloweredbycompoundlat3to30FLMin
aconcentration－dependentmanner・ThesefindingsindicatethattheinhibitionofTNF－CL
PrOductionby compoundslis due tothesuppressionoftheLPS－induced expressionof
TNF－αmRNA．
（A）TNトα　－
mRNA
（B）
??????????????????????????????????（?、?????↑
LPS（0．1〝g／ml）　　　　　　十　　　十　　　＋　　　＋
Compoundl（〃M）　　　　　　　　3　　10　　30
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Figure　22．　Effeets of　2T・hydroxy－4一一
methoxyehalcone（COmpOundl）on LPS－
inducedexpressionofTNF－α・RAW264・7
Cells（5xlO5cells／mJ）wereincubatedfor4h
（A）or6h（B）inl ml（A）orO．5ml（B）of
medium containing LPS（0．1Ftg／ml）and the
indicatedconcentration ofcompoundl．（A）
The］evels ofmRNA forTNF－αand GAPDH
Were determined by RT－PCR・（B）The
concentration of TNF－αin the conditioned
mediumlVaSmeaSuredbyELISA・Valuesare
themeansfromfoursampleswiththeS・E・M・
Shown by vertical bars．　Statistical
Slgnificance；＃＃P＜0・01，＃＃＃P＜0・001vs・Non－
stimulated control；＊P＜0．05，＊＊＊P＜0．001vs．
LPScontrol．
III・2・4・Efrbctsof2’－hydroxy－4，－methoxychaIcone（compoundl）onLPS－induced
activationofNF・TeBandAP－l
TreatmentwithLPS（0・1FLg／ml）forlhincreasedtheactivationofbothNF一KB（Fig．
23A）andAP－1（Fig・23B）・Inthepresenceofcompoundlat3to30！JM，theactivationof
NF－1｛BandAP－1wassuppressed（Fig・23Aand23B）・Thesefindingsindicatethatthe
inhibitionoftheLPS－inducedproductionofnitriteandTNF－Ctbycompoundlisinduced
bythesuppressionofactivationofNF－KBandAP－1．
（A）NトKB
LPS（0．1IJg／ml）　・　＋　＋　＋　＋
Compoundl（〃M）・・　3　10　30
FreeDNA
Probe
（B）AP－1
LPS（0．1〃g！ml）　・　＋　＋　＋　＋
Compoundl（〃M）　　　－　3　10　30
FreeDNA－
Probe
Figure23．Effeetsof2▼－hydroxy－4▼一methoxychalcone（COmpOundl）onLPS－inducedactivationofNF－1（B
andAP－1．RAW264．7cells（5xlO5cells／ml）lVereincubatedforlhin4mlof111ediumcontainingLPS（0・1
FLg／ml）andtheindicatedconcentrationofcompoundl・Thenuclearproteinwasextracted，andthelevelsofNF－
TeB（A）andAP－1（B）boundtotheDNAprobewasdeterminedbyEMSA・
III・2・5・Effbctsof2’・hydroxy－4，・methoxychalcone（COmpOundl）onLPS－induced
degradationorIKB・α
IncubationofRAW264・7cellsfor20mininthepresenceofLPS（0．1FLg／ml）induced
degradationofIKB－α，Whichwassignificantlyinhibitedbycompoundlat3to30〝M（Fig．
24）・ThesefindingsindicatethatcompoundlsuppressestheactivationofNF－KBthrough
theinhibitionoftheLPS－induceddegradationofIKB－α．
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lKB－α■－
Actin－
???
（?〓?????）?〓?? ???
こ蟻酸鯵 癖 －1錮 離瑚聯　 頭幽痍蟻紗
LPS（0．1IJg／ml）　　　　　　＋　　　＋　　　＋　　　＋
Compoundl（〃M）　　　　　　　　3　　10　　30
Figure　24・　Effbcts of　2’－hydroxy－4’一
methoxychaIcone（COmPOundl）on LPS－
induced degradation ofIlくB－α．RAW264．7
Cells（5x105ce11S／ml）lVereincubated for20
minin2m】of medium containing LPS（0．1
FLg／ml）and theindicated concentl・ation of
COmPOundl．The proteinlevels ofIlくB－αand
actinweredeterminedbyimmunoblottlng・The
densityratiosoflKB－αtOaCtin＼＼′ereCalculated，
and the value of the denslty ratioin the non－
treated controlgroupIS SettOl．0．Values are
the means from four samp］esIVith the S．EM．
SholVnbyverticalbars．Statisticalslgnificance；
＃P＜0．05，柑P＜0．01，掴＃P＜0．001vs．Non－
Stimulated control；　＊p＜0．05，　＊＊p＜0．01，
＊＊’p＜0．001vs．LPScontrol．
III・2．6．Effbctsof2’－hydroxy－4，－methoxychalcone（compoundl）onLPS－induced
phosphorylationofJNKandc－Jun
AfterincubationwithLPS（0・1FLg／ml）for30min，PhosphorylationofJNKandc－Junwas
Significantlyincreased（Fig・25A and B）・Compoundlinhibited the LPS－induced
Phosphorylation ofJNK（Fig・25A）and c－Jun（Fig・25B）in a concentration－dependent
manner，atWhichconcentrationsthe LPS－induced activationofAP－1wasinhibited（Fig．
23B）．Thesefindingsindicatethatcompoundldown－regulatesthec－Junphosphorylation
ViathesuppressionofJNKphosphorylation．
（A）
ー
????????
（??????）??? ?
（B）p．C．Jun－
C＿Jun仁
：■■
（??「????????）
?〓???????
・増癖躇隅 が・　　　　　 叫 ．ニ1・4－　　 °鰯細 椒　 鳴噌鋤 麟 i
LPS（0．1FJg／ml）　　　　　＋　　＋　　＋　　＋　　　　LPS（0・1FJg／mI）　　　　　＋　　＋　　＋　　＋
Compoundl（FJM）・　　　　　3　10　　30　　　Compoundl（FJM）・　　　　　3　10　　30
Figure25．Effectsof2▼－hydroxy－4▼一methoxychalcone（COmpOundl）onLPS－inducedphosphorylationof
JNKandc－Jun．RAW264．7cells（5xlO5cells／ml）wereincubatedfor30minin2mlofmediumcontaining
LPS（0．1Fig／ml）andtheindicatedconcentrationofcompoundL TheproteinIevelsofphosphorylated（P）」NK，
JNK，Phosphorylated（P）－C－Junandc，JunweredeterminedbyimmunobIotting・ThedensityratiosofP－JNKto
JNKandP－CTJuntoc－Junwerecalculated，andthevalueofthedensltyratiointheLPScontroIgroupISSettO
l．0．Valuesarethemeansfromfoursamples、ViththeS・E・M・Sho、Vnbyvertica＝）arS・Statisticalslgnificance；
＃P＜0．05，＃＃P＜0．01，＃＃＃P＜0．001vs．Non－Stimulatedcontrol；＊p＜0．05，日p＜0．Ol，…p＜0．00lvs．LPScontrol・
27
III．3．Discussion
InculturesofRAW264・7，three2，－hydroxychalconederivatives，COmPOundsl，2and
SuPPreSSedtheLPS－inducedproductionofnitriteandTNF－Ct，butcompound4showedno
effect（Tbble2）・Thesefindingsindicatedthatthesubstitutionof－OHwith－OCH3at
POSition4（compound4）decreasedtheinhibitoryactivityofcompound2．Thereduction
Oftheinhibitoryactivitycausedbythesubstitutionof4－OHwith4－OCH3WaSalsoobserved
inourpreviousstudyonthesuppressionofT払－inducedPGE2PrOductioninratperitoneal
macrophages76）・Thesefindingssuggestedthattheinhi柚onofLPS－inducedproduction
OfnitriteandTNF－αby2，－hydroxychalconederivativesisinducedbyasimilarmechanism
totheinhibitionofTPA－inducedPGE2PrOduction．
SimilartotheeffectofimperatorindescribedinChapterI，COmPOundlinhibitedthe
LPS－induced activation ofNF－KB（Fig・23A）・Therebre，itis suggested that the
SuPPreSSiveeffectsofcompoundlontheproductionofnitrite，TNF－αandPGEっwere
meditatedbytheinhibitionofNF－KBactivation・Compoundlsuppressedtheactivationof
NF－KBviatheinhibitionoftheLPS－induceddegradationofIKB－α（Fig・24），While
imperatOrinsuppressedthatbydirectinhibitionofNF一KBbindingtoDNA（Fig．10in
ChapterI）・Innon－aCtivatedcells，NF－KBisbindingwiththeinhibitoryproteinIKB－α，
therebypreventeditsnucleartranslocation41）・UponLPSstimulation，IKBkinase（IKK）－β
isactivatedandinducesphosphorylationofIKB－α，reSultinglnitsubiquitinationand
degradationbyproteasomepathway41）・Therefore，itissuggestedthattheinhibitionby
COmPOundlofNF－KBactivationismediatedthroughsuppressionoftheupstreamslgnaling
PathwayofIKB－αdegradation・BesidesNF■KB，itisrepoItedthatthepromoterreg10nOf
bothiNOSandTW－αgeneSalsocontainsabindingsiteforthetranscrlPtlOnfactorAP－1
77，78）・Furthermore，aCtivationofJNKleadstothephosphorylationofserine63and73inc－
Jun，aCOmpOnentOfAP－1，andincreasesthetranscrlPtlOnalactivityofAP－179），indicating
thattheactivationofAP－lisminlydependentontheactivationoftheJNKsignaling
Pathway・Therebre，theinhibitionbycompoundlofAP－lactivation（Fig・23B）through
reductionofJNKphosphorylation（Fig・25A）indicatesthatcompoundlinhibitsupstream
kinaseofJNK．
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ItisreportedthattheredoxregulationisinvoIvedintheactivationofNF－KBandAP－1
80，81），andtheantioxidantreagentpyrrolidinedithiocarbamateandN－aCetylcysteineinhibit
theactivationofNF－KBandAP－182・83）・Moreover，theseinhibitorsstronglysuppressthe
PrOductionofnitriteandTNF－α82・84）・Itisalsoreportedthat2，－hydroxychalconeshavea
potent antioxidant activity85）・Therefore，itis possible that the2，－hydroxychalcone
derivativeinhibited the activation ofNF－KB andAP－1throughits antioxidant property．
Thereisanotherpossiblemechanismof2，－hydroxychalconederivativefortheinhibitionof
NF－KBandAP－1・Itisreportedthatvariousflavonoidsincluding2，－hydroxychalcone86），
genisteinB7）and quercetin88）haveinhibitory activities againstproteintyrosinekinases・
Becauseactivationsoftyrosinekinasesuchasc－SrcbyLPSleadtobothactivationofNF－
1｛BandphosphorylationofMAPKs，itispossiblethattheinhibitionofNF－KBandAP－1by
2’－hydroxychalconederivativeismediatedthroughitsinhibitoryactivitiesagainstprotein
tyrosine kinases．Furthermore，1tis reported that2’－hydroxychalcones such as butein
（3，4，2，，4，－tetrahydroxychalcone）89）and ON－III（2，，4，－dihydroxy－6，－methoxy－3，，5，－
dimethylchalcone）90）inhibitedtyrosinekinaseactivityofepidermalgrowthfactorreceptor
（EGFR）and vascular endothelial growth factor receptor（VEGFR），reSpeCtively・
Therefore，the anti－tumOr aCtivity of2’－hydroxychalcone alsomight beinduced by
inhibitionoftyrosinekinases・
Inconclusion，2，－hydroxychalconederivativessuppresstheLPS－inducedproductionof
nitriteandTNF－αbyinhibitingtheactivationofbothNF－KBandAP－1・BecauseNF－KB
and AP－1are critical transcrlptlOn factors that regulate the production of various
proinflammatoryproteins and cytokinesinactivated macrophagesduringtheprocess of
inflammation，theinhibitionofthesetranscriptionfactorsmightbeaneffectivetherapeutic
approachforinflammatorydiseases・Takentogether，itispossiblethat2，－hydroxy－4’一
methoxychalcone（COmpOundl）isalead compound fornovelanti－inflammatorydrugs
havinginhibitoryactivityontheproductionofvariousinflammatorymediatorssuchas
PGE2，NOandcytokines・
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ChapterIV．InhibitionbyresveratrolofFceRI－mediatedactivationofRBL－2H3ceIIs
IV．1．Introduction
Resveratrol（trans－3，4’，5－trihydroxystilbene）（Fig・
26）isanaturalpolyphenoliccompoundpresentsin
Various plants，including red grapes，berries and
peanuts　91）　Resveratrolisidentified as a Figure26・ChemicalstructureofresveratroJ・
phytoalexinandsynthesizedinresponsetolnJury，fungalinfectionorultravioletlight92）
Until now，Various biological activities of resveratrol have been reported，and dietary
COnSumPtion of resveratrolis thought to provide beneficialeffects on various diseases・
ResveratroIprevented the oxidation oflow－densltylipoproteinthroughits anti－OXidative
activityandreducedtheriskofcoronaryarterydisease93・94）・Moreover，reSVeratrOIwas
showntohavecancerchemopreventiveactlVlty95），antiTPlateletaggregationactivlty96），and
neuroprotectiveactivity97）・
One of the beneficialbiologlCalactivities of resveratrolis anti－inflammatory activlty・
ResveratrolinhibitedLPS－inducedexpressionofiNOSandCOX－2inmacrophages98），and
TNF－α－induced expression ofVCAM－1andICAM－1in HUVEC99）・Resveratrolalso
ShowedsuppressiveactivitiesagainstexpressionofproinflammatorycytokinessuchasIL－8，
IL－1βandTNF－αviaitsinhibitoryeffectsonNF－1｛BandAP－1100）・Moreover，ithasbeen
reported　that resveratrol and other stilbene compoundsincluding rhapontigenin and
plCeatannOlisolatedfromtherhizomeofRheumundulatuminhibitedthereleaseofhistamine
in antlgen－Stimulated rat peritonealmast cellslOl）・However，the action mechanism of
resveratrol has not been elucidated．To clarifythe mechanism of resveratrol for the
suppressionoftheactivationofmastcells，Ihaveanalyzedeffectsofresveratrolonthe
antigen－induceddegranulation，PrOductionofIL－13andIJC4，andphosphorylationofseveral
proteinkinasesinIgE－SenSitizedratbasophilicleukemiaRBL－2H3cells・
IV2．　Results
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IV・2・1・Effbctsofresveratrolonantigen・induceddegranuIationofRBL－2H3cclls
Stimulationwiththeantigendinitrophenol－COnjugatedhumanserumalbumin（DNP－HAS，
50ng／ml）significantlyincreased the release of hexosaminidase at15　min（Fig．27）．
ResveratrolatlOtolOO！LMsuppressedtheantigen－inducedreleaseofhexosaminidaseina
COnCentration－dependent manner，and the PI3Kinhibitorwortmannin atlOO nM strongly
inhibitedthereleasetothesameextentasresveratrolatlOOFLM（Fig．27）．Thesefindings
indicatethatresveratrolinhibitstheantigen－induceddegranulationofRBL－2H3cells．
（?）?????
??????????
DNP・HSA（50ng！mL）－　　＋
Resveratrol（FJM）
Wortmannjn（nM）
＋　　　＋　　　＋　　　＋　　　＋
10　　30　　60　100　・
・　100
Figure　27・　Effects of resveratrol on
antigen－indueed degranulation of RBL－
2H3ce11S．IgE－SenSitizedRBし2H3celJs（5
x105cells／ml）lVereStimulatedfor15minin
O．5mlofmediumcontainingDNP－HSA（50
ng／ml）and theindicated concentration of
resveratrolorlVOrtmannin．The amount of
hexosaminidase released was determined，
andthepercentagereleased、VaSCalculated・
VaIuesarethemeansfromfoursamples＼Vith
theS．E．M．sho、Vnbyverticalbars・Statistical
Slgnificance；＃＃P＜0・01，＃＃＃P＜0・001vs・Non－
stimulatedcontrol；＊p＜0．05，＊＊＊p＜0・00l vs・
DNP－HSAcontrol．
IV．2．2．Efhctsofresveratrolonantigen－inducedphosphorylationofAkt
Tbatmentofthecellswiththeantigenfor15mininducedphosphorylationofAkt，and
resveratroI suppressed the antigen－induced phosphorylation of Akt（Fig・28）at which
concentrationstheantigen－induced degranulationwasinhibited（Fig・27）・Wortmanninat
lOOnMalsosuppressedtheantlgen－inducedphosphorylationofAkttoalowerlevelthanthat
oftheun－Stimulatedcells（Fig．28）．Thesefindingssuggestthattheinhibitionoftheantigen－
induceddegranulationofmastcellsbyresveratrolismediatedthroughsuppressionofthe
PI3Kpathway・
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Figure28・Effbcts of resveratrol on antigen－
induced phosphorylation of Akt・IgE－SenSitized
RBL－2H3celIs（5xlO5cells／ml）werestimulatedfor
15minin2mlofmediumcontainingDNP，HSA（5P
ng／ml）andtheindicatedconcentrationofresl′eratrOl
OrWOrtmannin・Theproteinlevelsofphosphorylated
（P）－Akt and Akt lVere determined by
irnmunoblottlng．
IV・2・3・Efrbctsofresveratrolonantigen－inducedproductionofIL－13
LevelsofIL－13mRNAat2handproteinat4hwereincreasedbytheantigentreatment，
andresveratrolloweredtheantigen－inducedincreaseinthelevelsofIL13mRNA（Fig・29A）
andprotein（fig・29B）inaconcentration－dependentmanner．TheJNKi。hibit。，SP600125
（30FLM）alsosuppressedtheantigen－inducedincreaseinthelevelsofIL－13mRNAand
PrOtein（Fig・29AandB）・ThesefindingsindicatethatresveratrolinhibitsIL－13production
bydecreaslngthelevelsofIL－13mRNA．
（A） lL－13mRNA－
GAPDH
mRNA－
（??、?）??
DNP・HSA（50ng／ml）－　　＋　　＋　　＋　　◆　　＋　　＋
ResveratroJ（lJM）　　　　　　10　30　60　100
SP600125（〃M） 30
Figure29・Efftetsofresveratrolonantigen－
induced expression ofIL－13．1gE－SenSitized
RBし2H3　celIs（5　xlO5　cells／ml）were
Stimulatedfor2h（A）or4h（B）inlml（A）or
O．5ml（B）ofmedium containing DNP－HSA
（50ng／mI）andtheindicatedconcentrationof
resveratrol or SP600125．（A）Thelevels of
mRNA forlL－13　and GAPDH were then
determined by RT－PCR．　（B）　The
COnCentration ofIL－13in the conditioned
mediumlVaSmeaSuredbyELISA．Valuesare
themeansfromfoursampIes、ViththeS・EM．
Shown by vertical bars．　　Statistical
Significance；＃＃P＜0．01，＃＃＃P＜0．001vs．Non－
Stimulated control；　＊p＜0．05，　＊＊P＜0．01，
＊＊＊P＜ ．001vs．DNP－HSAcontrol．
IV・2・4・Effbctsofresveratrolonantigen－inducedactivationofAP－l
TheantigentreatmentforlhincreasedthebindingofAP－ltoitsspecificoligonucleotide
PrObe，andresveratrolatlOtolOOFLMinhibitedthebindingofAP－1（Fig・30A）．
Resveratrolalsosuppressedtheantlgen－inducedphosphorylationofc－Jun，aCOmPOnentOf
AP－1（Fig・30B）・Almostcompleteinhibitionwasobservedontre。tmentwithresver。tr。l。t
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100FLMortheJNKinhibitorSP600125at30FLM（Fig．30AandB）・Thesefindingsindicate
thatresveratrolinhibitstheantlgen－inducedproductionofILL13bysuppresslngtheactivation
OfAP－1．
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Figure30・EffbctsofresveratroIon antigen－
induced activation of AP－1　　and
Phosphorylationofc－Jun．IgE－SenSitizedRBL－
2H3cells（5x105cells／ml）werestimulatedforl
h（A）or45min（B）in4ml（A）or2ml（B）of
medium containing DNP－HSA（50ng／ml）and
theindicated concentration of resveratrol or
SP600125・（A）The nuclear protein was
extracted，and theIevels of AP－l bound to the
DNAprobewasdeterminedbyEMSA．（B）The
proteinlevelsofphosphorylated（P）－C－Junandc－
Junweredeterminedbyimmunoblottlng．
IV．2．5．EfJbctsofresveratroIonantigen・inducedproductionofIJC4
Tleatmentwiththeantlgenfor30minslgnificantlyinducedtheproductionofIJC4，and
resveratrolatlOtolOOFLMsuppressedtheproductioninaconcentration－dependentmanner
（Fig．31）．TheMEKinhibitorPD98059at50〝Malsosuppressedtheantigen－inducedLrC4
productiontoalmostthesamelevelasthatontreatmentwithresveratrolat60FLM（Fig・31）・
DNP－HSA（50ng／ml）
Resveratrol（FJM）
PD98059（〃M）
?．?
?
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?
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Figure　31．　Effects of resveratrol on
antigen－inducedproductionofLTC4・IgE－
sensitized RBL－2H3cells（5xlO5cells／ml）
were stimulated for　30　minin O．5　ml of
medium containing DNP－HSA（50　ng／ml）
andtheindicated concentration ofresveratro】
or PD98059．The concentration of LTC4in
the conditioned mediumlVaS determined by
ETA．　Values are the means from four
SamPIes、Vith the S・E・M・Sho、Vn by vertical
bars・　Statistical slgnificance；＃＃P＜0・01，
＃＃＃P＜0．00l vs．Non－Stimulated control；
＊＊＊P＜0．001vs．DNP，HSAcontrol．
IV・2・6・Effbcts ofresveratroIon antigen－induced reIease ofaraChidonic acid and
phosphoryIationofERK
Treatment with the antlgen for30minincreased the release ofradioactivity frdm
l3H］arachidonic acid－labeled RBL－2H3cells，andin the presence of resveratrol，a
COnCentration－dependentinhibition was observed atlO tolOO FLM（Fig・32A）．
PhosphorylationofERKwasinduced5minaftertheantigentreatment，andwasinhibitedby
resveratrolatlOtolOOFLMinaconcentration－dependentmanner（Fig．32B）．PD98059。t50
FLMsuppressedtheantigen－inducedreleaseofarachidonicacidparalleltoitsinhibitionofthe
phosphorylationofERK（Fig・32AandB）・Thesefindingssuggestthattheinhibitionby
resveratroloftheantigen－inducedreleaseofarachidonicacidandproductionofIJC4isdue
totheinhibitionofphosphorylationofERKwhichactivatesPLA2・
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Figure　32・　Effbcts of resveratrol on
antigen－induced re）ease of arachidonie
acid and phosphorylation ofERK・lgEr
SenSitized RBL－2H3cells（5xlO5ce11S／mI）
lVereStimulatedfor30min（A）or5min（B）
in O．5　mI（A）or2　m］（B）of medium
COntaining DNP－HSA（50ng／mI）and the
indicated concentration of resveratrol or
PD98059．（A）The amountofradioactivit〉′
releasedinto the conditioned medium from
r3H】arachidonicacid－labeledRBL－2H3ccHs
wasdetermined．Values arethe meansfrom
four samples、Vith the S・E・M・Sho、Vn by
Vertical bars．　Statistical slgnificance；
＃＃＃P＜0．001　vs．Non－Stimulated control；
＊＊＊p＜0．001vs．DNP，HSA control．（B）The
PrOteinlevels of phosphorylated（P）－ERK
and ERK IVere determined by
immunoblottlng．
IV・2・7・E恥ctsofresveratroIonantigen－inducedtyrosinephosphorylationofSykand
Pyk2
Asshownin Fig・33A and B，the antigen treatment for5mininduced tyrosine
PhosphorylationofSykparalleltothephosphorylationofPyk2，adownstreamkinasedirectly
PhosphorylatedbySyklO2）・AtlOtolOOFLM，bothresveratrolandtheSykinhibitor
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PiceatannoIsuppressedtheantigen－inducedtyrosinephosphorylationofSykandPyk2（Fig．
33AandB）．
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BIot；P－Tyr－・
Blot；Syk－
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Resveratrol（IJM）
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（B） P－Pyk2－
Pyk2－・
＋　　　＋　　　＋　　　＋　　　＋　　　＋　　＋
・　10　30100　・
・　10　30100
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Figure　33．　Effbcts of resveratrol on
antigen－induced tyrosine phosphorylation
OfSyk and Pyk2．1gE－SenSitized RBL－2H3
Cells（5x105cells／ml）were stimulatedfor5
mininlO ml of medium containlllg DNP－
HAS　（50　ng／ml）　and the indicated
COnCentration of resveratroland piceatannol．
（A）SyklVaSimmunoprecipitated（lP）andthe
PrOteinlevels oftyrosine－Phosphorylated（P－
Tyr）Syk and Syk＼Vere determined by
immunoblotting．（B）The proteinIevels of
Phosphorylated（P）－Pyk2　and Pyk2、Vere
determinedbyimmunoblottlng．
IV2．8．Effbets ofpiceatannolon antigen－inducedphosphorylation ofAkt，e－Jun and
ERK
TbconfirmwhetherpICeatannOlalsoinhibitstheactivationofdownstreamkinases，effects
Ofpiceatannolontheantlgen－inducedphosphorylationofAkt，C－JunandERKwereexamined・
AsshowninFig・34，piceatannolalsoinhibitedtheantigen－inducedphosphorylationofAkt，
C－JunandERKwithasimilarpotencytothatofresveratrol・Thesefindingsindicatethat
resveratrolinhibits the antigen－induced phosphorylation of Akt，C－Jun and ERK by
SuPPreSSlngtheactivationoftheirupstreamkinaseSyk・
P－Akt事－
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Figure34．Effbets of piceatannol on
antigen－induced phosphorylation ofAkt，
e－JunandERK．IgE－SenSitizedRBL－2H3
CeJIs（5xlO5cells／ml）werestimuIated for
5min（ERK），15min（Akt）or45min（C－
Jun）in2mlofmedium containing DNP－
HAS（50　ng／ml）and theindicated
COnCentrationofpiceatannolorresveratrol・
The proteinleve】s of phosphorylated（P）－
Akt，Akt，Phosphorylated（P）pc－Jun，e－Jun，
Phosphorylated（P）－ERK and ERKIVere
determinedbyimmunoblottlng・
IV3．　Discussion
TheantlgenStimulationinducedthereleaseofthreekindsofinflammatorymediatorsfrohl
RBL－2H3cells；granule－StOredmediatorhexosaminidase（Fig・27），CytOkineIL－13（Fig．29）
and arachidonate metaboliteIJC4（Fig・31），Which wereinhibited by resveratrolin a
COnCentration－dependentmanner．
ItisreportedthatthepromoterreglOnOftheLLl3genecontainsbindingsitesforAP－1，
GAm－3and NF－ArlO3）・Moreover，itis reported that theJNKinhibitor SP600125
COmPletely suppressed the antigen－induced production ofIL－13in RBL－2H3cellslO4），
SuggeSting that AP－1acts as a critical transcription factor forIL－13　expression・
PhosphorylationofJNKleadstoanincreaseinthetranscrlPtlOnalactivityofAP－1throughthe
Phosphorylation of c－Jun79）・The antigen－induced phosphorylation ofJNK was also
inhibitedbyresveratrolatwhichconcentrationstheantlgen－inducedphosphorylationofc－Jun
WaSinhibited（datanotshown）・Thesefindingsindicatethatresveratrolinhibitstheantigen－
inducedexpressionofIL－13byblockingtheJNKpathway．BdcausepI3KisinvoIvedinnot
OnlyFcERI－mediateddegranulationlO5），butalsotheactivationoftheJNKpathwaylnmaSt
CellslO6），theinhibitionbyresveratroloftheantigen－inducedactivationofthePI3Kpathway
mightaccountforthesuppressionofdegranulationandactivationofAP－1・
ItisreportedthatthestimulationofIgE－SenSitized RBL－2H3cellswithantigenrapidly
inducesproductionofeicosanoidsincludingIJB4，IJC4，u顎4andPGD2，themaJOrPrOduct
beingIJC4107）・Resveratrolinhibitedtheantigen－inducedproductionofLrC4andreleaseof
arachidonic acidin mast cells（Figs・31and32A）in parallelwith suppression of the
PhosphorylationofERK（Fig・32B）thatactivatesPIJA2．Tbctarifywhetherresveratrolalso
SuPPreSSeSaCtivationofERKthroughtheinhibitionofPI3K，theeffectofwortmanninonthe
activationofERKwasexamined，buttheantlgen－inducedphosphorylationofERKwasnot
affectedbywortmanninatlOtolOOnM（datanotshown）．Thisfindingindicatesthatthe
antigen－induced activation of ERKis notinvoIvedin the PI3K pathway as previously
reportedlO8）．Therefbre，itissuggestedthatresveratrolmightinhibittheupstreamkinaseof
bothPI3KandERK．
TheactivationofproteintyrosinekinasessuchastheSrcfamilykinases坊nandFyn，and
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the Syk／Zap family kinase Sykis one of the earliest signaling eventsinduced by the
aggregationofFcERIonmastcellslO9）・Amongtheseproteintyrosinekinases，Subsequent
trans－and auto－Phosphorylations of Syk resultin anincreasein catalytlC aCtivlty and
consequentialtyrosine phosphorylation ofdownstream slgnaling kinaseslO9）・Based on
StruCturalsimilaritytotheSykinhibitorpiceatannol（trans－3，3’，4，5’－tetrahydroxystilbeben）
which has one more hydroxy group on　3’－POSition than resveratrol（trans－3，4，5’－
tetrahydroxystilbeben），Ipostulatedthatonepossiblemechanismbywhichresveratrolinhibits
mast cell activationis theinhibition of Syk・Asshownin Fig・33，reSVeratrOl and
pICeatannOlinhibitedtheantigen－inducedphosphorylationofSykanditsdownstreamkinase
Pyk2・Furthermore，PICeatannOlalsosuppressedactivationofdownstreamkinasesthatwere
inhibitedbyresveratrol（Fig・34）・Thesefindingssuggestthattheactionofresveratrolis
almostthesameasthatofpiceatannolinRBL－2H3cells・
InSyk－deficientmastcells，antlgentreatmentdidnotinducetyrosinephosphorylationof
cellularproteins，degranulation，OrthemobilizationofcalciumllO）ItisreportedthatSyk
inhibitorsincluding pICeatannOl，ER－27319，and BAY61－3606down－regulated the FcERト
mediatedsignalinglnmaStCellslll）・Moreover，OraladministrationofBAY61－3606torats
suppressedantlgen－inducedbronchoconstriction，bronchialedemaandairwayinflammation
l12）・Therebre，Sykissuggestedtoplayacriticalroleintheantlgen－inducedactivationof
mast cells，andinhibition of Syk may be a noveltarget for the treatment of allerglC
inflammation．
Inconclusion，reSVeratrOlinhibitstheantigen－inducedactivationofmastcellsincluding
degranulation，IL－13expressionandIJC4PrOductionbyinhibitingtheactivationofprotein
kinasesAkt，JNKandERK，reSPeCtively・Furthermore，theinhibitionbyresveratrolofthese
proteinkinasesismediatedbysuppressionofthephosphorylationofSyk・Tbkentogether，it
issuggestedthatresveratrolhastherapeuticbenefitsinpreventionandtreatmentforboth
earlyphase（degranulationandeicosanoidsproduction）andlatephase（CytOkinesproduction）
inmastcell－mediatedinflammatoryresponses・
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Summary
In this study，Ihave analyzed theinhibitory effects offourkinds ofnaturalproducts，
furanocoumarinsisolated from Angelica dahurica，lignansisolated from Acafuhqpanax
Chiisanensis，Synthesized　flavonoids　2，－hydroxychalcone derivatives，and the stilbene
resveratrolontheproductionofinflammatorychemicalmediatorsandcytokinesinactivated
macrophagesandmastcells，andclarifiedtheirmechanismsofaction．
Anongtheisolatedfuranocoumarinsandtheirsemi－Synthesizedcompounds，Ihavefound
thatphellopterin，lmPeratOrin andisoimperatorinpotentlyinhibited the LPS－induced PGE2
productioninmacrophages，andtheinhibitionbyimperatorinismediatedbysuppressionof
theinductionofCOX－2andmPGES－1・ImperatorinalsoinhibitedtheLPS－inducedTNF－α
PrOductionviasuppressionofNF－KBactivation，WithoutaffectingtheactivationsofMAPKs・
ThesuppressionbyimperatorinofNF■KBactivationisduetothedirectinhibitionofbinding
OfNF－KB to DNA・Thesefindingsindicatethattheinhibitory effects ofimperatorin on
activationofmacrophagesareinducedbysuppressionIofNF－KBactivation（ChapterI）．
Among theisolated fivelignans，Ihave found thattaiwanin C showed the most potent
inhibitoryeffectonTPA－inducedPGE2PrOductioninmacrophages．TPA－inducedreleaseof
radioactivityfroml3H］arachidonicacid－labeledmacrophagesandexpressionofCOX－2were
notaffectedbytaiwaninC，buttheactivitiesofisolatedCOX－1and－2Wereinhibited．These
findingssuggestedthattaiwaninCinhibitsPGE2PrOductionbythedirectinhibitionofCOX
activitysimilartoNSAIDs（ChapterII）・
Ihavefoundthatthesynthesizedfour2’－hydroxychalconederivativesshowedsuppressive
effectsontheLPS－inducedproductionofTNF－αandnitrite・Amongthem，2，，hydroxy－4’一
methoxychalcone（COmpOundl）inhibited the LPS－induced activation ofNF－KB andAP－1
throughthe suppressionofthe LPS－inducedIKB－CL degradation andJNKphosphorylation，
respectively・Thesefindingsindicatedthattheinhibitionby2’－hydroxychalconederivatives
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OfTNF－αandnitriteproductionismediatedbytheinhibitionofNF－KBandAP－1activation
（ChapterIII）．
Ihavefoundthatresveratrolhassuppressiveeffectsontheantlgen－induceddegranulation
and production ofIL－13andIJC4in RBL－2H3cells．Resveratrolinhibited theantlgen－
inducedphosphorylationofSykanditsdownstreamkinasesincludingAkt）C－JunandERK・
Thesefindingsindicatedthatresveratrolinhibitstheactivationofmastcellsbysuppresslng
theantigen－inducedtyrosinephosphorylationofSyk（ChapterIV）・
Taken together，itis suggested thatimperatorin，taiwanin C and　2’－hydroxy－4’－
methoxychalcone（COmPOundl），and resveratrolmightbelead compounds fornovelanti－
inflammatory drugshavingsuppressiveeffectsonthe activationofmacrophages，andmast
Cel1S，reSPeCtively．Inadditiontothefurtherclarificationoftheirmechanismofactionfor
anti－inflammatoryactlVltyOfthesecompounds，itisexpectedthatabetterunderstandingof
the struCture－aCtivity relationship，the drug metabolism and the molecular modeling may
PrOvidetheapproachestothedevelopmentofthenewanti－inflammatorydrugs・
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Figure35・Inhibitionbyimperatorin，taiwaninCand2†・hydroxy・4r一methoxychaleone
Ofmacrophageactivation．
Figure36・Inhibitionbyresveratrolofmastcellactivation．
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MateriaIsandmethods
IsoIationoffuranocoumarinsfromtherootsofAngelicadhhurica
TherootsofAngelicadahuricawerepurchasedfromthelocalmarket（Kyung－Dong－Si－
Jang）inSeoul，KoreainSeptember2000andwerebotanicallyidentifiedbyProf．H．J．Chiat
NaturalProducts ResearchInstitute，SeoulNationalUniversity，Korea where the voucher
SPeCimen has been deposited（Ⅵ）uCher No：NPRI－2013）・The coarsely powdered plant
material（3kg）wasextractedthreetimeswithmethanolunderrefluxoveratotal4hperiod・
Theresultantextractswerecombinedandconcentratedunderreducedpressuretoafford520g
Ofresidue．Themethanolextractwaspartitionedbetweenn－hexane‥methanol：Water（10＝1：9），
and the residue was then partitioned between ethyl acetate and water．　Column
Chromatography ofthen－hexanefraction（30・4g）oversilicagel（70－230mesh，Art，7734
Merch）usingn－hexane－diethyletherasastepwisegradientelution（0－100％ofdiethylether）
gave phellopterin（0・98g），imperatorin（2・88g）andisoimperatorin（1・68g）・Column
Chromatographyoftheethylacetatefraction（75・3g）oversilicagel（70－230mesh，Art，7734
Merch）using the methylene chloride－methanolas a stepwise gradient elution（0－20％of
methanol）gave byakangelicin（3・69g），［α］D：＋17・50（c O・10，C5H，N）and oxypeucedanin
methanolate（0．11g），［α］D：＋18・OO（CO・20，CHCl3）・Thefivecompoundsisolatedfromthe
driedrootsofAngelicadahurica（Fig・1）wereidentifiedbycomparisonofthespectraldata
（NMR，IR，UV）withauthenticcompounds・
SemiESynthesizationofderivativesfromtheisolatedfuranocoumarins
Bythesemi－Syntheticmethods，2’，3’－dihydrobyakangelicin，［α］I，：＋18・50（CO・30，C5H5N），
2’，3’，3，4－tetrahydrobyakangelicin，lcl］。：十17・50（C O30，C5H5N），2’，3’一dihydr0－8－
hydroxybergapten，2，，3，－dihydr0－8－hydroxypsoralen and　2，，3，－dihydrooxypeucedanin
methanolatela］，：＋19・00（CO・25，CHCl，）weresynthesized（Fig・2）・Furanocoumarinshave
onedoublebondineachfuranrlngandpyran0－2－Onerlng，andacarbon－Carbondoublebond
offuranocoumarinsisselectivelyhydrogenated by theregulationofamolarratiooflO％
palladium／Charcoal（Pd／C）・Fortheselectivehydrogenationofadoublebondinafuranring，
Pd／C andfuranocoumarin atl：1molar ratio were dissoIvedin ethanol（1g／50ml）and
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Vigorously mixed for30min at room temperature under H2gaS（1atm）．For the
hydrogenationofthetwodoublebonds，Pd／CandfuranocoumarinweredissoIvedinethanol
at2：1molar ratio，and hydrogenated as described above・In case ofphellopterin and
imperatorin，thesidechainoffuranocoumarin，2，3－dihydroxy－3－methyl－butoxyl，WaSremOVed
bythePd／Ccatalytichydrogenationprocess．
IsoIationoflignansfromtherootsofAcanthqpanaxchiLsanensLs
TherootsofAcanthqpanaxchiisanensiswerecollectedatKongJu，Koreaandthevoucher
SPeCimen（Ⅵ）uCherNo：Shin9910－2）wasdepositedintheHerbariumofNaturalProducts
ResearchInstitute，SeoulNationalUniversity，Korea・Theair－driedpowderedroots（1．5kg）
WereeXtraCtedthreetimeswithmethanol（3x3，000ml）underreflux．Theextracts（159g）
thusobtainedwerepartitionedbetweenequalvolumeofn－hexane（42g）andwater，andthe
aqueouslayerwasagainpartitionedsuccessivelywithchloroform（26g），ethylacetate（10g）
andn－butanol（24g）・Repeated silica gelcolumn chromatography（7x60cm）ofthe
Chlorofbrmfractionelutingwithn－hexaneandethylacetatesoIventsystem（gradientelution）
gavel－SeSamine（3，4：3’，4’－bis（methylenedioxy）－7，9’‥7’，9－diepoxylignan，26mg），［α］，：－87．20
（cl・08，CHCl3），helioxanthin（3，4：3’，4’－bis（methylenedioxy）－2，7’－CyCloligna－7，7，－dien－9，9，－
Olide，45mg），SaVinin（3，4：3’，4’－bis（methylenedioxy）－lign－7－en－9，9，－Olide，33mg），taiwanin
C（3’，4’：4，5－bis（methylenedioxy）－2，7’－CyCloligna－7，7’－dien－9，9’－Olide，27　mg），and cis－
dibenzylbutyrolactone（3－（3，4－dimethoxybenzyl）－2－（3，4－methylenedioxybenzyl）butyrolactone，
45mg）・ThefivelignansisolatedfromtherootsofAcanth呼anaXChiisanensis（Fig．12）
Wereidentifiedbyacomparisonofspectraldata（NMR，IR，UV）withauthenticcompounds．
PreparationandcuItureofratperitonealmacrophages
Asolution of soluble starch（Wako Pure Chemicals，Osaka，Japan）and Bactopeptone
（Difco，Detroit，MI，USA），5％each，WaSinjectedintraperitoneallyintomaleSprague－Dawley
rats（400－550g，SPeCificpathogen－free，CharlesRiverJapan，Kanagawa，Japan）atadoseof5
mlperlOOgbodyweight・Fourdayslater，theratswerekilledbycuttingthecarotidartery
underanesthesia，andtheperitonealcellswereharvestedl13）・Theexperimentswerecarried
OutinaccordancewiththeGuidelinesfortheCareandUseofLaboratoryAnimalsapproved
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bytheAnimalEthicsCommitteeoftheGraduateSchoolofPharmaceuticalSciences，Tbhoku
Universlty，Sendai，Japan．The peritoneal cells suspendedin Eagle’s minimal essential
medium（EMEM，NissuiPharmaceutical，Tbkyo，Japan）supplementedwithlO％Calfserum
（Flow Laboratories，North Rydge，Australia），Penicillin G potassium（18FLg／ml）and
StreptOmyCinsulfate（50pg／ml）（MetiiSeika，rIbkyo，Japan）wereseededatadensityof7．5x
lO5cells／0・5ml／wellin24－Wellplastictissueculturedishes（CorniPgGlassWorks，Corning，
NY，USA）or3．OxlO6cells／2ml／wellin6－Wellplastictissueculturedishes（Corning），and
incubated for2hat370cunder5％COっ－95％air．Thewellswere thenwashed threetimes
withmediumtoremovenon－adherentcells，andtheadherentcellswerefurtherincubatedat
370cfor2Oh．AfterthreewasheswithPBS，theadherentcellswereusedforsubsequent
experiments．
CultureofRAW264．7cells
RAW264．7cellswereobtainedfrom RIKENGene Bankandincubated at37。cunder5％
CO2－95％airinEMEMsupplementedwith10％fetalbovineserum（FBS，SigmaChemical，
StLouis，MO，USA），Forsubsequentexperiments，thecellswereseededatadensityof5x
lO5cells／0．5ml／we11in24－Wellplastictissueculturedishesor2xlO6cells／2ml／wellin6－
welltissueculturedishesandincubatedfor20hat37Oc．
CultureofRBL－2H3cells
RBL2H3　cells were obtained from Health Science Research Resources Bank and
incubatedat37Ocunder5％CO2－95％airinEMEMsupplementedwithlO％FBSandO・5％
conditioned medium of DNP－SPeCificIgE－PrOducing hybridoma kindly supplied by Dr・
KazutakaMaeyama（EhimeUniversity，Ehime，Japan）・Forsubsequent experiments，the
cellswereseededatadensityof2・5xlO5cells／0・5ml／wellin24－Wellplastictissueculture
dishes，1xlO6cells／2ml／weuin6－Welltissueculturedishes，Or5xlO6ceus／10ml／dishin
plOOcellculturedishes（Corning）andincubatedfor20hat370C・
Drugsused
The drugs used were LPS（Wako），the NF－KBinhibitor BayII－7082（Calbiochem，
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Darmstadt，Germany），the MEKinhibitorUO126（Calbiochem），the p38MAPKinhibitor
sB203580（Calbiochem），thePI3Kinhibitorwortmannin（PlymoLthMeeting，Pa，USA），the
JNKinhibitorSP600125（Plymouth），theMEKinhibitorPD98059（NewEngland Biolabs，
Beverly，MA，USA），thetyrosinekinaseinhibitorgenistein（Sigma），theproteinkinaseC
activator12－0－tetradecanoylphorbol13－aCetate（TPA，Sigma），the endomembrane Ca2十一
ArPaseinhibitorthapsigargin（Wako），thenon－SPeCificproteinkinaseinhibitorstaurosporine
（Kyowa Medex，Tbkyo，Japan），the synthetic glucocorticoid dexamethasone（Sigma），the
COX－1／COX－2non－SPeCificinhibitorindomethacin（Wako）andaspirin（Sigma），theCOX－2
SPeCincinhibitorNS－398（Calbiochem），araChidonicacid（Sigma），DNP－HSA（Sigma），the
Sykinhibitor piceatannol（Sigma），and resveratrol（Wako）・Each drugwas dissoIvedin
DMSO or ethanol，and added to the medium．The final concentrations of DMSO and
ethanolin the medium were adjusted to O．1％（V／V），reSPeCtively．The controlmedium
containedthesameamountofDMSOandethanol．
MeasurementofPGE2，TNF・CL，IL－13andLrC．concentration
Afterincubation for the speCi伝ed period，the conditioned medium was collected，and
Centrifugedfor5minatl，500xgand4Oc・TheconcentrationofPGEっinthesupernatant
wasdeterminedbyradioimmunoassay113）・Anti－PGE2antibodywaspurchasedfromAssay
Designs（AnnArbor，MI，USA）・The concentrations ofTNF－α，IL－13andIJC．inthe
SuPernatantWeredeterminedbyTNF－αELISAkit（BioSourceIntemational，Camarillo，CA，
USA），IL－13ELISAkit（BioSource）andIJC4EIAkit（CaymanChemical，AnnArbor，MI，
USA）accordingtothemanufacturer’sinstructionS，reSPeCtively・
COX・landCOX－2・dependentPGE2prOduetion
Theratperitonealmacrophages（1・5xlO6cells／ml）werepreincubatedfor4hat37。Cin
O．5mlofmediumcontainingdexamethasone（10FLM）・Afterthreewashes，theadherent
cellswerefurtherincubatedfor4hat370cinO．5mlofmediumcontalnlngdexamethasone
（10FLM）andeachdruginthepresenceofarachidonicacid（10FLM）・Aftertheincubation，
theconcentrationofPGE2intheconditionedmediumwasradioimmunoassayed（COX－1－
dependentPGE2PrOduction）．Anothersetofmacrophages（7・5xlO5cells）waspreincubated
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for4hat370cinO・5mlofmediumcontainingaspirin（100〝M）．Afterthreewashes，the
adherentcellswerefurtherincubatedfor4hat37。cinO・5mlofmediumcontalnlngeaCh
druginthepresenceofTPA（30nM）・Aftertheincubation，theconcentrationofPGE2inthe
COnditionedmediumwasradioimmunoassayed（COX－2－dependentPGE2PrOduction）114）
DeterminationofactivitiesofCOX－landCOX－2inacelI・freesystem
ActivitiesofCOX－1andCOX－2inacell，freesystemweredeterminedaccordingtothe
methoddescribedbyMancinietal・115）andKimetal・116）．oneunitofCOX－1（isolatedfrom
Sheepseminalvesicles，Purity95％，Cayman）orCOX－2（isolatedfromSheepplacenta，Purity
70％，Cayman）wasdissoIvedin210FLlofTris－HCl（100mM，PH7．4）containinglOmM
EDTA，1mMreducedglutathione，1FlMhematinandO．5mMphenol．Thereactionmixture
WaSPreincubatedfor3minat37Qcwithvariousconcentrationsofindomethacin，NS－398，Or
taiwaninC・Afteradditionofarachidonicacid（0．1〝M），themixturewasfurtherincubated
for3minat370C．Tbterminatethereaction，20FLloflMHCIwasaddedtothereaction
mixture．AnequivalentvolumeoflMNaOHwasthenaddedtoneutralizethemixture，and
theamountofPGE2WaSmeaSuredbyradioirnmunOaSSay．
MeasurementofradioactivityreIeasedfroml3H】arachidonicacid－1abeIedcells
Theratperitonealmacrophages（1．5xlO6cells）orRBL－2H3cells（5xlO5cells）were
incubatedfor20hat370cinO・5mlofmed車umcontaining3・7kBqofl3H］arachidonicacid
（2．26TBq／mmol，PerkinElmerLifeSciences，Boston，MA，USA）．Thecellswerewashed
threetimeswithmediumtoremovefreel3H］arachidonicacid，andincubatedfortheperiods
indicatedat370cinO．5mlofmediumcontalnlngeaChdrug．Theconditionedmediumwas
Withdrawnatl，20r4h，Centrifugedfor5minatl，500xgand40C，andtheradioactivityin
thesupernatantWeredeterminedl17）
Immunoblotting
Afterincubationforthespecificperiod，thecellswerewashedthreetimeswithPBS，dipped
in150FLlofice－COldlysis buffer（20mM HEPES，1％Triton－XlOO，10％glycerol，1M
SOdium fluoride，2．5mMp－nitrophenylene phosphate，10FLg／mlofphenylmethylsulfonyl－
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fluoride，1mMsodiumvanadate，5FLg／mlofleupeptin，andlmMEDTA，PH7．4）for15min，
andcentrifugedfor20minat13，000xgand4Oc・Thesupernatantwasboiledfor5minin3
XSamplebuffer（50mMnis，4％SDS，10％glycerol，4％2qmercaptoethanol，andO．05mg／ml
Ofbromophenolblue，PH7・4）ataratioof2：1（V／V），loadedonanacrylamidegel（8to16％）
andsu叫cctedtoelectrophoresis（120minat125V）．Theseparatedproteinsweretransferred
OntOanitrocellulosemembrane（Bio，Rad，Hercules，CA，USA）at150mAforlh．After
transferontothenitrocellulosemembrane，theblotwasincubatedinblockingsolution（Block
Ace，Dainippon，Osaka，Japan）atroomtemperatureforlhandincubatedovernightat4。C
withprimaryantibody・Theblotwasthenincubatedfor3hat40cwithsecondaryantibody
anti－gOatIgG（ⅥctorLaboratories，Burlingame，CA）oranti－rabbitIgG（Ⅵctor）．Finally，it
WaSincubatedwithVbctastainABCreagent（Ⅵctor）atroomtemperaturefor30min，then
WithECLreagent（AnershamIntemational，Amersham，UK）atroomtemperatureforlmin，
andexposedtoKodakScientificImagingFilm・Antibodiesusedwereanti－COX－1（Santa
Cruz Biotechnology，CA，USA），anti－COX－2（Santa Cruz），anti－CPGES（Cayman），anti－
mPGES－1（Cayman），anti－IKB－α（Santa Cruz），anti－iNOS（Santa Cruz），anti－aCtin（Santa
Cruz），anti－Phospho－Akt（Ser473，Cell Signaling，Beverly，MA，USA），anti－Akt（Cell
Signaling），anti－Phospho－C－Jun（Ser73，CellSignaling），anti－C－Jun（H－79，SantaCruz），anti－
Phospho－P44／42MAPkinase（Thr202／Tyr204，CellSignaling），anti－MAPkinaseR2（Rek1－
CTUpstateBiotechnology，LakePlacid，NY，USA），anti－Phospho－P38MAPK（Thr180／182，
CellSignaling），anti－p38MAPK（SantaCruz），anti－Syk（N－19，SantaCruz），anti－phospho－
Pyk2antibody（Tyr402，Santa Cruz），anti－Pyk2（H－102，Santa Cruz），and anti－phospho－
tyrosine（4GlO，Upstate）．
Reversetranscription（RT）・pOlymerasechainreaction（PCR）
Afterincubationforthespecificperiod，thetotalRNAwasextractedusingaVIOGENE
DNA／RNAExtractionkit（Viogene，Sunyvale，CA，USA）accordingtothemanufacturerIs
instructions・TheextractedRNA（1FLg）wasreversetranscribedforlhat37。Cbyadding
5／LMofrandomhexameroligonucleotides（GibcoBRL，Gaithersburg，MD，USA），200
units ofreverse transcriptase（Thkara Bio，Shiga，Japan），0．5mM deoxyribonucleotide
triphosphates（dNTP）（Tbkara）andlOmMdithiothreitol（Thkara）．ThePCRprimersused
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Were5’－TTGACCTCAGCGCTGAGTTG－3T（SenSe）and5’一ccTGTAGCCCACGTC
GTAGC－3T（antisense）forTNF－α，5’－TCGCTTGCCTTGGTGGTCTTL3’（SenSe）and
5’－CTGGGCTACTTCGArTTTGG－3’（antisense）forIL－13，and5．－TGATGACAr
CAAGAAGGTGGTGGA－3’（SenSe）and5’－TCCTTGGAGGCCArGTAGGCCAI13一
（antisense）forGAPDH．PCRforTNF－αWaSperbrmedfor27cyclesat94。cfor30S，at
580cforlminandat720cforl・5minusingaDNAthermalcycler（Thkara），forIL－13，
With30cyclesat94Ocfor30S，at60Ocfor30sandat720cfor45S，andforGAPDH，
With27cyclesat940cforlmln，at570cforlminandat720cforlmin・PCRwas
CarriedoutwithlOFLloftemplateDNAand40plofPCRbuffer（10mMTris－HCl，PH8．3，
50mMKCl，andl．5mMMgCl2）containingeachprimer（0．2FLM），dNTP（0．2mM）and
乃qDNApolymerase（1・25units）（1もkara）・AfterPCR，10FLlofthereactionmixturewas
Subjectedtoelectrophoresisonal・5％agarosegel，andthePCRproductswerevisualized
byethidiumbromidestaining・ThelevelsofmRNAforTNF－α，IL－13andGAPDHwere
quantifiedbyscanningdensitometry・
PreparationofnucleareXtraCt
Afterincubationforthespecificperiod，thecellswerescrappedofftheplateuslngaCe11
SCraPer，andcentrifugedfor5minat2，500xgand40C・Thecellsweresuspendedin400
〝lofTris－bufferedKCIsolution（20mMTIis－HCl，50mMKCl，10FLg／mlofleupeptin，0・1
mM dithiothreitol，andlmM phenylmethylsulfonylfluoride，PH7・8），andlysed by the
additionofthesamevolumeofTris－bufferedKCIsolutioncontainlngl．2％NonidetP40
withvigorousmlXlngforlOs・Thehomogenatewascentrifugedfor30sat40Cand
15，000xg，and the nuclearpellet was suspendedin30FLlofcold Tris－buffered KCI
solutionbymlXlngfor15minat4Oc・Thesuspensionwasthencentrifugedfor20min
15，000xgandat40C，andtheresultantsupernatant（nuclearextractfraction）wasstoredat
－80。cpriortouse・
Electrophoreticmobilityshiftassay（EMSA）
EMSAwascarriedoutaccordingtotheprotocolaccompanylngtheGelShiftAssaySystem
（Promega，Madison，WI，USA）・Briefly，the double－Stranded oligonucleotide probes
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COntainingNF■1｛B－andAP－1－bindingsequences（Promega）wereend－labeledwith1．85MBq
OflY－32p］ArP（111TBq／nmol，PerkinElmerLifeSciences）usingT4polynucleotidekinase．
Thenuclearextract（4FLg）wasincubatedatroomtemperaturefor20minwith4FlloflY－32p］二
Iabeledprobeinabindingbuffer（50mMTris－HCl，5mMMgC12，2．5mMEDTA，2．5mM
dithiothreitol，250mMNaCl，0・25mg／mlofpoly（dI－dC），and20％glycerol，PH7．5）．
DNA／nuclearproteincomplexeswereseparatedfromtheDNAprobebyelectrophoresisona
native4％acrylamide gel，and the gelwas vacuum－dried andvisualized with a GS－250
MolecularImager（Bio－Rad）．
Lucifbraseassay
RAW264・7cellsweresuspendedinK－PBS（30．1mMNaCl，120．1mM KCl，8．1mM
Na2HPO4，1・47mMKH2PO4，PH7・4），andtheirconcentrationwasadjustedtobe1．5xlO7
Cells／mlwithK－PBS・Fromthecellsuspension，400FLl（6xlO6cells）wastransferredintoa
15mltube，and30FLgOfpNF－KB－Luc（Stratagene，LaJalla，CA，USA）wasadded．After
StandingatroomtemperatureforlOmin，thecellsuspensioncontainingpNF－KB－Lucwas
transferredinto a2mm Gap Cuvette，（BTX Tbchnologies，Hawthorne，NY USA）and
PerformedanelectroporationusingaElectroSquarePoratorECM830（BTX）（Mode：IN
ヽbltage：150VRlength：15ms，Pulse：1）・Thetransfectedce11S（6xlO6cells／430FLl）were
SuSPendedinll・57mlofEMEMcontaininglO％FBS，andO・5mlofthecellsuspensionwas
POuredineachwellofa24－Wellcultureplateandincubatedfor12hat37Ocunder5％COっ－
95％air・After6hincubation，thecellswerewashedthreetimeswithPBS，anddippedin50
FLlofthelysisbufferfor15minatroomtemperature・Thelysatewastransferredintoal・7
mlmicrocentrifugetube，andcentrifugedfor2minat13，200xg・Thesupematantfraction
WaSuSedasasampleforluciferaseassay・Forluciferaseassay，20FLlofthesamplewas
transferredintoaluciferaseassaytube，and20FLloftheassaybuffer（0．2MTricine－NaOH，
0・1M（MgCO3）．Mg（OH）2，1MMgSO4，0．5MEDTA，0．1MDTT2．7mMCoA，47mM
luciferine，andO・lmMArBpH7・8）wasaddedintothetubecontainingthesample．The
luciferase activity was measured using a Luminescencer－PSN（AB－2200，ArTO，Tbkyo，
Japan）．
48
DegranulationorRBL2H3cells
The degree of the antigen－induced degranulation of RBし2H3cells was assessed by
measurlngthepercentageofhexosaminidasereleased118）・Afterstimulationwiththeantigen
for15min，20FLloftheconditionedmediumwaswithdrawnandmixedwith20〝lofO・1M
Citratebuffer（pH4・5）containinglmMp－nitrophenylN－aCetylβ－D－glucosamide（Sigma）．
Thesolutionwasincubatedforlhat370C・ThereactionwasstoppedbytheadditionoflOO
FLlofO・1Msodiumcarbonatebuffer（PHlO．0）andtheabsorbanceat405nmwasmeasured．
Beforetheantigenstimulation，thecellsinonesetofgroupswerelysedwithO・1％TYitonX－
100（Wako）todeterminethetotalamountofhexosaminidaseinthecells．Thepercentageof
thehexosaminidasereleasedwasthencalculated．
Immunoprecipitation
RBL－2H3cells（5xlO6cells）weredippedin500FLlofice－COldRIPAbuffer（PBS，1％
（W／V）NonidetP40，0．5％（W／V）sodiumdeoxycholate，0・1％（W／V）SDS，1Msodiumfluoride，
2・5mMp－nitrophenylene phosphate，10FEg／ml of phenylmethylsulfonylfluoride，1mM
SOdiumvanadate，and5FLg／mlofleupeptin）for30minat4Oc．TheRIPAbuffercontaining
thecellswascentrifugedfor20minat13，200xgand40C，andthesupernatantObtainedwas
incubatedovernightat4Ocwith20FLIofantトSykantibodyagaroseconjugate（N－19AC，Santa
Cruz）・
Statisticalanalysis
The statisticalslgnificance of the results was analyzed by Dunnett’s test for multiple
COmParisonsandStudent’st－teStforunpairedobservations・
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